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Fore>;vord 



THE widespread need for a more scientific knowledge of 
the principles of Sanitation on the part of thousands 
of practical men of limited education, calls for an 
authoritative work of general reference embodying the results 
of modem experience and the latest approved practice. The 
Cyclopedia of Heating, Plumbing, and Sanitation is designed 
to fill this acknowledged need. 

*L The Cyclopedia of Heating, Plumbing, and Sanitation is 
based upon the method which the American School of Corre- 
spondence has developed and successfully used for many years 
in teaching the principles and practice of engineering in its 
different branches. It is a compilation of representative In- 
struction Books of the School, and forms a simple, practical, 
concise, and convenient reference work for the shop, the 
library, the school, and the home. 

**- The success which the American School of Correspondence 
has attained as a factor in the machinery of modern technical 
and scientific education, is in itself the best possible guarantee 
for the present work. Therefore, while these volumes are a 
marked innovation in technical literature — representing, as they 
do, the best ideas and methods of a large number of different 
authors, each an acknowledged authority in his work— they are 
by no means an experiment, but are in fact based on what has 
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proved itself to be the most successful method yet devised for 
the education of the busy workingman. They have been pre- 
pared only after the most careful study of modern needs as 
developed under the conditions of actual practice. 

^ Neither pains nor expense have been spared to make the 
present work the most comprehensive and authoritative in its 
field. The aim has been, not merely to create a work which will 
appeal to the trained expert, but one that will commend itself 
also to the beginner and the self-taught, practical man by giv-' 
ing him a working knowledge of the principles and methods, 
not only of his own particular trade, but of all allied branches 
of it as well. The various sections have been prepared espe- 
cially for home study, each written by an acknowledged author- 
ity on the subject. The arrangement of matter is such as to 
carry the student forward by easy stages. Series of review 
questions are inserted in each volume, enabling the reader to 
test his knowledge and make it a permanent possession. The 
illustrations have been selected with unusual care to elucidate 
the text. 

*L Grateful acknowledgment is due the corps of authors and 
collaborators— men of wide practical experience, and teachers 
of well-recognized ability— without whose hearty co-operation 
this work would have been impossible. 
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HEATING AND VENTILATION 

PART I 



SYSTEMS OF WARMING 

Any system of wanning must include, jirst, the combustion 
of fuel, which may take place in a fireplace, stove, or furnace, or a 
steam, or hot-water boiler; second, a system of transmission, by means 
of which the heat may be carried, with as little loss as possible, to the 
place where it is to l>e used for wanning; and third, a system of dif- 
fusion, which will convey the heat to the air in a room, and to its 
walls, floors, etc., in the most economical way. 

Stoves. The simplest and cheapest fonn of heating is the stove. 
The heat is diffusc*d by radiation and convection directly to the objects 
and air in the room, and no special system of transmission is required. 
The stove is used largely in the countrj', and is especially adapted 
to the warming of small dwelling-houses and isolated rooms. 

Furnaces. Next in cost of installation and in simplicity of 
operation, is the hot-air furnace. In this method, the air is drawn 
over heated surfaces and then transmitted through pipes, while at 
a high temperature, to the rooms where heat is required. Furnaces 
are used largely for warming dwelling-houses, also churches, halls, 
and schoolhouses of small size. They are more costly than stoves, 
but have certain advantages over that form of heating. They require 
less care, as several rooms may be warmed from a single furnace; 
and, being placed in the basement, more space is available in the 
rooms above, and the dirt and litter connected with the care of a stove 
are largely done away with. They require less care, as only one fire 
is necessary to warm all the rooms in a house of ordinary size. One 
great advantage in the furnace method of warming comes from the 
constant supply of fresh air which is required to bring the heat into 
the rooms. While this is greatly to be desired from a sanitary stand- 
point, it calls for the consumption of a larger amount of fuel than 
would otherwise be necessary. This is true because heat is required 
to warm the fresh air from out of doors up to the temperature of the 
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rooms, in addition to replacing the heat lost by leakage and conduction 
through walls and windows. 

A more even temperature may be maintained with a furnace 
than by the use of stoves, owing to the greater depth and size of the 
fire, which allows it to be more easily controlled. 

When a building is placed in an exposed location, there is often 
difficulty in warming rooms on the north and west sides, or on that 
side toward the prevailing winds. This may be overcome to some ex- 
tent by a proper location of the furnace and by the use of extra large 
pipes for conveying the hot air to those rooms requiring special at- 
tention. 

Direct Steam. Direct steam, so called, is widely used in all 
classes of buildings, both by itself and in combination with other 
systems. The first cost of installation is greater than for a furnace; 
but the amount of fuel recjuired is less, as no outside air supply is 
necessary. If used for warming hospitals, schoolhouses, or other 
buildings where a generous supply of fresh air is desired, this method 
must l)e supplemented by some form of ventilating system. 

One of the principal advantages of direct steam is the ability 
to heat all rooms alike, regardless of their location or of the action 
of wands. 

When compared with hot-water heating, it has still another 
desirable feature — which is its freedom from damage by the freezing 
of water in the radiators when closed, which is likely to happen in 
unused rooms during very cold weather in the case of the former 
system. 

On the other hand, the sizes of the radiators must be proportioned 
for warming the rooms in the coldest weather, and unfortunately 
there is no satisfactory method of regulating the amount of heat in 
mild weather, except by shutting ofF or turning on steam in the radia- 
ators at more or less frequent intervals as may be required, unless one 
of the expensive systems of automatic control is employed. In large 
rooms, a certain amount of regulation can be secured by dividing 
the radiation into two or more parts, so that different combinations 
may l>e used under varying conditions of outside temperature. If 
two radiators are used, their surface should be proportioned, when 
convenient, in the ratio of 1 to 2, in which case one-third, two-thirds, 
or the whole power of the radiation can be used as desired. 



Digitized by VjOOQ IC 



HEATING AND VENTIIATION 



Indirect Steam. This system of heating combines some of the 
advantages of both the furnace and direct steam, but is more costly 
to install than either of these. The amount of fuel required is about 
the same as for furnace heating, because in each case the cool fresh 
air must be warmed up to the temperature of the room, l)efore it can 
become a medium for conveying heat to offset that lost by leakage 
and conduction through walls and windows. 

A system for indirect steam may be so designed that it will supply 
a greater quantity of fresh air than the ordinary form of furnace, in 
which case the cost of fuel will of course be increased in proportion to 
the volume of air supplied. Instead of placing the radiators in the 
rooms, a special form of heater is supported near the basement ceiling 
and encased in either galvanized iron or brick. A cold-air supply 
duct is connected with the space below the heater, and warm air pipes 
are taken from the top and connected with registers in the rooms to 
be heated the same as in the case of furnace heating. 

A separate stack or heater may be provided for each register if 
the rooms are large; but, if small and so located that they may be 
reached by short runs of horizontal pipe, a single heater may serve 
for two or more rooms. 

The advantage of indirect steam over furnace heating comes from 
the fact that the stacks may be placed at or near the bases of the flues 
leading to the different rooms, thus doing away with' long, horizontal 
runs of pipe, and counteracting to a considerable extent the effect of 
wind pressure upon exposed rooms. Indirect and direct heating are 
often combined to advantage by using the former for the more import- 
ant rooms, where ventilation is desired, and the latter for rooms more 
remote or where heat only is required. 

Another advantage is the large ratio between the radiating sur- 
face and grate-area, as compared with a furnace; this results in a large 
volume of air being wanned to a moderate temperature instea<l of a 
smaller quantity being heated to a much higher temperature, thus 
giving a more agreeable quality to the air and rendering it less dry. 

Indirect steam is adapted to all the buildings mentioned in con- 
nection with furnace heating, and may be used to much better advan- 
tage in those of large size. This applies especially to cases where 
more than one furnace is necessary; for, with steam heat, a single 
boiler^ or a battery of boilers, may be made to supply heat for a build- 
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ing of any size, or for a group of several buildings, if desired, and is 
much easier to care for than several furnaces widely scattered. 

Direct-Indirect Radiators. These radiators are placed in the 
room the same as the ordinary direct type. The construction is such 
that when the sections are in place, small flues are formed between 
them; and air, being admitted through an opening in the outside wall, 
passes upward through them and becomes heated before entering the 
room. A switch damper is placed in the casing at the base of the 
radiator, so that air may be taken from the room itself instead of 
from out of doors, if so desired. Radiators of this kind are not used 
to any great extent, as there is likely to be more or less leakage of coW 
air into the room around the base. If ventilation is required, it is 
better to use the regular form of indirect heater with flue and register, 
if possible. It is sometimes desirable to partially ventilate an isolated 
room where it would be impossible to nm a flue, and in cases of this 
kind the direct-indirect form is often useful. 

Direclt Hot Water. Hot water is especially a<lapte(l to the warm- 
ing of dwellings and greenhouses, owing to the ease with which the 
temperature can be reguhiteil. When steam is used, the radiators arc 
always at practically the same temperature, while with hot water the 
temperature can be varied at will. A system for hot-water heating 
costs more to install than one for steam; as the radiators must be larger 
and the pipes more carefully run. On the other hand, the cost of 
operating is somewhat less, because the water need be carried only at 
a temperature suflSciently high to warm the rooms properly in mild 
weather, while with steam the building is likely to become overheated, 
and more or less heat wasted through open doors and windows. 

A comparison of the relative costs of installing and operating hot- 
air, steam, and hot-water systems^ is given in Table I. 



TABLE 1 
Relative Cost of Heatins: Systems 






Hot Air 


Steam 


Hot Water 


Relative cost of apparatus | * 9 
Relative cost, adding repairs and fuel 

for five years ! 20 J 
Relative cost, adding repairs and fuel for 

fifteen years 81 


13 

'2OJ 

63 


15 
27 
52i 
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One disadvantage in the use of hot water is the danger from 
freezing when radiators are shut off in unused rooms. This makes 
it necessary in very cold weather to have all parts of the system turned 
on sufficiently to produce a circulation, even if very slow. This is 
sometimes accomplished by drilling a very small hole (about ^ inch) 
in the valve-seat, to that when closed there w^ill still be a very slow 
circulation through the radiator, thus preventing the temperature of 
the water from reaching the freezing j)oint. 

Indirect Hot Water. This is used under the same conditions as 
indirect steam, but more especially in the case of dwellings and hospi- 
tals. When applied to other and larger buildings, it is customary to 
force the water through the mains by means of a pump. I^argcr 
heating stacks and supply pipes are required than for steam; but the 
arrangement and size of air-flues and registers are practically the 
same, although they are sometimes made slightly larger in special cases. 

Exhaust Steam. Exhaust steam is used for heating in connection 
with power plants, as in shops and factories, or in office buildings 
which have their own lighting plants. There are two methods of 
using exhaust steam for heating purposes. One is to carry a back 
pressure of 2 to 5 pounds on the engines, depending upon the length 
and size of the pipe mains; and the other is to use some form of vacuum 
system attached to the returns or air-valves, which tends to reduce 
the back pressure rather than to increase it. 

Where the first method is used and a back pressure carried, either 
the boiler pressure or the cut-off of the engines must be increased, to 
keep the mean effective pressure the same and not reduce the horse- 
power delivered. In general it is more economical to utilize the ex- 
haust steam for heating. There arc instances, however, w^here the 
relation between the quantities of steam required for heating and for 
power are such — especially if the engines are run condensing — that 
it is better to throw the exhaust away and heat with live steam. 
Where the vacuum method is used, these difficulties are avoided; and 
for this reason that method is coming into quite common use. 
If the condensation from the exhaust steam is returned to the 
boilers, the oil must first be removed ; this is usually accomplished by 
passing the steam through some form of grease extractor as it leaves 
the engine. The water of condensation is often passed through a 
separating tank in addition to this, before it is deli ^ered to the return 
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pumps. It is better, however, to remove a portion of the oil before 
the steam enters the heating system; otherwise a coating will be formed 
upon the inner surfaces of the radiators, which will reduce their 
efficiency to some extent. 

Forced Blast. This method of heating, in different forms, is 
used for the warming of factories, schools, churches, theaters, halls — 
in fact, any large building where good ventilation is desired. The 
air for wanning is drawn or forced through a heater of special design, 
and discharged by a fan or blower into ducts which lead to registers 
placed in the rooms to be warmed. The heater is usually made up in 
sections, so that steam may be admitted to or shut off from any section 
independently of the others, and the temperature of the air regulated 
in this manner. Sometimes a hy-foss damper is attached, so that 
part of the air will pass through the heater and part around or over it; 
in this way the proportions of cold and heated air may be so adjusted 
as to give the desired temperature to the air entering the rooms. These 
forms of regulation are common where a blower is used for warming 
a single room, as in the case of a church or hall ; but where several 
rooms are warmed, as in a schoolhouse. it is customary to use the 
main or primary heater at the blower for warming the air to a given 
temperature (somewhat below that which is actually required), and 
to supplement this by placing secondary coils or heaters at the bottoms 
of the flues leading to the different rooms. By means of this arrange- 
ment, the temperature of each room can be regulated independently 
of the others. The so-called dovhle-dud system is sometimes employed. 
In this case, two ducts are carried to each register, one supplying hot 
air and the other cold or tempered air; and a damper for mixing these 
in the right proportions is placed in the flue, below the register. 

Electric Heating. Unless electricity can be produced at a very 
low cost, it is not practicable for heating residences or large buildings. 
The electric heater, however, has (juite a wide field of application in 
heating small offices, bathrooms, electric cars, etc. It is a convenient 
method of warming isolated rooms on cold mornings, in late spring and 
early fall, when the regular heating apparatus of the building is not in 
operation. It has the advantage of l>eing instantly availal)le, and the 
itniouiit of heat can be reguhitcnl at will. Electric heaters are clean, 
do not vitiate the air, and are easily moved from place to place. 
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PRINCIPLES OF VENTILATION 

Closely connected with the subject of heating is the prcblem of 
maintaining air of a certain standard of purity in the various buildings 
occupied. 

The introduction of pure air can be done properly only in con- 
nection with some system of heating; and no system of heating is 
complete without a supply of pure air, depending in amount upon the 
kind of building and the purpose for which it is used. 

Composition of the Atmosphere. Atmospheric air is not a simple 
substance but a mechanical mixture. Oxygen and nitrogen, the 
principal constituents, are present in very nearly the proportion of one 
part of oxygen to four parts of nitrogen by weight. Carbonic acid gas, 
the product of all combustion, exists in the proportion of 3 to 5 parts 
in 10,000 in the open country. Water in the form of vapor, varies 
greatly with the temperature and with the exposure of the air to open 
bodies of water. In addition to the above, there are generally present, 
m variable but exceedingly small quantities, ammonia, sulphuretted 
hydrogen, sulphuric, sulphurous, nitric, and nitrous acids, floating 
organic and inorganic matter, and local impurities. Air also contains 
ozone, which is a peculiarly active form of oxygen; and lately another 
constituent called argon has been discovered. 

Oxygen is the most important element of the air, so far as both 
heating and ventilation are concerned. It is the active element in the 
chemical process of combustion and also in the. somewhat similar 
process which takes place in the respiration of human beings. Taken 
into the lungs, it acts upon the excess of carbon in the blood, and pos- 
sibly upon other ingredient*:, forming chemical compounds which are 
thrown ofF in the act of respiration or breathing. 

Nitrogen. The principal bulk of the atmosphere is nitrogen, 
which exists uniformly diffused with oxygen and carbonic acid gas. 
This element is practically inert in all processes of combustion or 
respiration. It is not affected in composition, either by passing through 
a furnace during combustion or through the lungs in the process of 
respiration. Its action is to render the oxygen less active, and to 
absorb some part of the heat produced by the process of oxidation. 

Carbonic acid gas is of itself only a neutral constituent of the 
atmosphere, like nitrogen; and — contrary to the general impression — 
its presence in moderately large cjuantities (if uncomhined with other 
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substances) is neither disagreeable nor especially harmful. Its 
presence, however, in air provided for respiration, decreases the readi- 
ness with which the carbon of the blood unites with the oxygen of the 
air; and therefore, when present in sufficient quantity, it may cause 
indirectly, not only serious, but fatal results. The real harm of a 
vitiated atmosphere, however, is caused by the other constituent 
gases and by the minute organisms which are produced in the process 
of respiration. It is known that these other impurities exist in fixed 
proportion to the amount of carbonic acid present in an atmosphere 
vitiated by respiration. Therefore, as the relative proportion of 
carbonic acid can easily be determined by experiment, the fixing of a 
standard limit of the amount in which it may be allowed, also limits the 
amounts of other impurities which are found in combination with it. 

When carbonic acid is present in excess of 10 parts in 10,000 
parts of air,a feeling of weariness and stuffiness, generally accompanied 
by a headache, will be experienced; while with even 8 parts in 10,000 
parts a room would be considered close. For general considerations 
of ventilation, the limit should be placed at to 7 parts in 10,000, thus 
allowing an increase of 2 to 3 parts over that present in outdoor air, 
which may be considered to contain four parts in 10,000 under ordi- 
nary conditions. 

Analysis of Air. An accurate (jualitative and quantitative 
analysis of air samples can be made only by an experienced chemist. 
There are, however, several approximate methods for determining 
the amount of carbonic acid present, which are sufficiently exact for 
practical purposes. Among these the following is one of the simplest: 

The necessary apparatus consists of six clean, dry, and tightly 
corkcHl bottles, containing respectively 100, 200, 250, 300, 350, and 400 
cubic centimeters, a glass tube containing exactly 15 cubic centimeters 
to a given mark, and a bottle of perfectly clear, fresh limcwater. The 
bottles should be filled with the air to be examined by means of a hand- 
ball syringe. Add to the smallest bottle 15 cubic centimeters of the 
limewater, put in the cork, and shake well. If the limewater has a 
milky appearance, the amount of carbonic acid will be at least 16 
parts in 10,000. If the contents of the bottle remain clear, treat the 
bottle of 200 cubic C(»ntimeters in the same manner; a milky appear- 
ance or turbidity in this would indicate 12 parts in 10,000. In a 
similar manner, turbidity in the 250 cubic centimeter bottle indicates 
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10 parts in 10,000; in the 300, 8 parts; in the 350, 7 parts; and in the 
400, less than 6 parts. The ability to conduct more accurate analyses 
can be attained only by special study and a knowledge of chemical 
properties and of methods of investigation. 

Another method similar to the above, makes use of a glass 
cylinder containing a given quantity of limewater and provided with a 
piston. A sample of the air to be tested is drawn into the cylinder by 
an upward movement of the piston. The cylinder is then thoroughly 
shaken, and if the limewater shows a milky appearance, it indicates 
a certain proportion of carbonic acid in the air. If the limewater 
remains clear, the air is forced out, and another cylinder full drawn in, 
the operation being repeated until the limewater becomes milky. 
The size of the cylinder and the quantity of limewater are so propor- 
tioned that a change in color at the first, second, third, etc., cylinder 
full of air indicates different proportions of carbonic acid. This test 
is really the same in principle as the one previously described; but the 
apparatus used is in more convenient form. 

Air Required for Ventilation. The amount of air recjuircd to 
maintain any given standard of purity can very easily be determined, 
provided we know the amount of carbonic acid given off in the process 
of respiration. It has been found by experiment that the average 
production of carbonic acid by an adult at rest is about .6 cubic foot 
per hour. If we assume the proportion of this gas as 4 parts in 10,000 
in the external air, and are to allow 6 parts in 10,000 in an occupied 
room, the gain will be 2 parts in 10,000; or, in other words, there will 

2 . . . . . ^ 

be - - - — = .0002 cubic foot of carbonic acid mixed with each cubic 
10,000 

foot of fresh air entering the room. Therefore, if one person gives 

off .6 cubic foot of carbonic acid per hour, it will require .0 -e- .0002 

= 3,000 cubic feet of air per hour per person to keep the air in the 

room at the standard of purity assumed — that is, 6 parts of carbonic 

acid in 10,000 of air. 

Table II has been computed in this manner, and shows the 
amount of air which must be introduced for each person in order to 
maintain various standards of purity. 

While this table gives the theoretical (juantities of air recjuirc^d 
for different Standards of purity, and may be used as a guide, it will be 
better in actual practice to use quantities which experience has shown 
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to give good results in different types of buildings. In auditoriums 
where the cubic space per individual is large, and in which the atmos- 
phere is thoroughly fresh before the rooms are occupied, and the 
occupancy is of only two or three hours' duration, the air-supply may 
be reduced somewhat from the figures given below. 

TABLE II 
Quantity of Air Required i>er Person 



Standard Parts ok Carbonic 
Acid in 10,000 of Air 


Cubic Feet or Air Required per Person 


IN Room 


Per Minute 


Per Hour 


5 


100 


6,000 


6 


50 


3,000 


7 


33 


2,000 


8 


25 


1,500 


9 


20 


1,200 


10 


16 


1,000 



Table III rt»presents good modern practice and may be used 
with satisfactory results : 

TABLE III 
Air Required for Ventilation of Various Classes of Buildins:s 



Air-Supply per Occupant for 


Cubic Fkkt per 

MlNUi'K 


Cubic Feet per 
Hour 


Hospitals 

High Schools 

Grammar Schools 

Theaters and Assembly Halls 

Churches 


SO to 100 

50 

40 

25 

20 


4, 800 to G, 000 

3,000 

2.400 

i;500 

1,200 



When possible, the air-supply to any given room should be based 
upon the number of occupants. It sometimes hapj)ens, however, 
that this information is not available, or the character of the room is 
such that the numl)er of persons occupying it may vary, as in the case 
of public waiting rooms, toilet rooms, etc. In instances of this kind, 
the required air-volume may be based upon the number of changes 
per hour. In using this method, various considerations must be taken 
into account, such as the use of the room an:! its condition as to crowd- 
ing, character of occupants, etc. In general, the following will be 
found satisfactory for average conditions: 
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TABLE IV 
Number of Ciianges of Air Required in Various Rooms 



Use op Room 


Changes of Air per Hour 


Public Waiting Room 


4 to 5 


Public Toilets 


5" 6 


Coat and Locker Rooms 


4" 5 


Museums 


3" 4 


Offices, Public 


4" 5 


Offices, Private 


3" 4 


Public Dining Rooms 


4" 5 


Living Rooms 


3" 4 


Libraries, Public 


4 " 5 


Libraries, Private 


3" 4 



Force for Moving Air. Air is moved for ventilating purposes in 
two ways: (1) by expansion due to heating; (2) by mechanical means. 
The effect of heat on the air is to increase its volume and therefore 
lessen its density or weight, so that it tends to rise and is replaced by 
the colder air below. The available force for moving air obtained in 
this way is very small, and is quite likely to be overcome by wind or 
external causes. It will be found in general that the heat ustnl for 
producing velocity in this manner, when transformed into work in 
the steam engine, is greatly in 
excess of that required to pro- 
duce the same effect by the use of 
a fan. 

Ventilation by mechanical 
means is performed either by 
pressure or by suction. The for- 
mer is used for delivering fresh air 
into a building, and the latter for 
removing the foul air from it. 

By both processes the air is moved Fig. l. common Form of Anemometer, for 
. . , , , , . Measuring Velocity of Air-Currents. 

Without change in temperature, 

and the force for moving must be sufficient to overcome the effects 
of wind or changes in outside temperature. Some form of fan is used 
for this purpose. 

Measurements of Velocity. The velocity of air in ventilating 
ducts and flues is measured directly by an instrument called an ane- 
mometer. A common form of this instrument is shown in Fig. 1. It 
consists of a series of flat vanes attached to an axis, and a series of dials. 
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The revolution of the axis causes motion of the hands in proportion to 
the velocity of the air, and the result can be read directly from the dials 
for any given period . 

For approximate results the anemometer may be slowly moved 
across the opening in either vertical or horizontal parallel lines, so 
that the readings will be made up of velocities taken from all parts of 
the opening. For more accurate work, the opening should be divided 
into a number of squares by means of small twine, and readings taken 
at the center of each. The mean of these readings will give the 
average velocity of the air through the entire opening. 

AIR DISTRIBUTION 

The location of the air inlet to a .room depends uj)on the size of 
the room and the purpose for which it is used. In the case of living 
rooms in dwelling-houses, the registers are placed either in the floor 
or in the wall near the floor; this brings the warm air in at the coldest 
part of the room and gives an opportunity for warming or drying the 
feet if desired. In the case of schoolrooms, where large volumes of 
warm air at moderate temperatures are recjuired, it is best to discharge 
it through openings in the wall at a height of 7 or 8 feet from the floor; 
this gives a more even distribution, as the warmer air tends to rise and 
hence spreads uniformly under the ceiling; it then gradually displaces 
other air, and the room becomes filled with pure air without sensible 
currents or drafts. The cooler air sinks to the bottom of the room, and 
can be taken off through ventilating registers placed near the floor. 
The relative positions of the inlet and outlet are often governed to 
some extent by the building construction; but, if possible, they should 
both be locattnl in the same side of the room. Figs. 2, 3, and 4 show 
common arrangements. 

The vent outlet should always, if possible, be placed in an inside 
wall; otherwise it will become chilled and the air-flow through it will 
become sluggish. In theaters and churches which are closely packed, 
the air should enter at or near the floor, in finely-divided streams; and 
the discharge ventilation should be through openings in the ceiling. 
The reason for this is the large amount of animal heat given off from 
the bodies of the audience; this causes the air to become still further 
heated after entering the room, and the tendency is to rise continuously 
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from floor to ceiling, thus carrying away all impurities from respiration 
as fast as they are given off. 

All audience halls in which the occupants are closely seated should 
be treated in the same manner, when possible. This, however, can- 
not always be done, as the seats arc often made removable so that the 




OUrSCE WALL OUTSiOC W4£Z. OUTStOC ^AkML 

Pig. 2. FiR. 3. Pip. 4. 

DiagraraH Showing Relative Positions of Air Inlets and Outlets as Commonly Arranged. 

floor can be used for other purposes. In cases of this kind, part of 
the air may be introduced through floor registers placed along the outer 
aisles, and the remainder by means Of wall inlets the same as for school- 
rooms. The discharge ventilation should be partly through registers 
near the floor, supplemented by ample ceiling vents for use when the 
hall is crowded or the outside temperature high. 

The matter of air-velocities, size of flues, etc., will be taken up 
under the head of "Indirect Heating." 

HEAT LOSS FROM BUILDINGS 

A British Thermal Unity or B. T. U., has been defined as the 
amount of heat required to raise the temperature of one pound of 
water one degree F. This measure of heat enters into many of the 
calculations involved in the solving of problems in heating and ventila- 
tion, and one should familiarize himself with the exact meaning of 
the term. 

Causes of Heat Loss. The heat loss from a building is due to 
the following causes: (1) radiation and conduction of heat through 
walls and windows; (2) leakage of warm air around doors and win- 
dows and through the walls themselves; and (3) heat required to warm 
the air for ventilation. 

Loss through Walls and Windows. The loss of heat through 
the walls of a building depends upon the material used in construction 
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TABLE V 
Heat Losses in B. T. U. per Square Foot of Surface per Hour- 
Southern Exposure 



Material 



8-in. Brick Wall 

12-in. Brick Wall 

16-in. Brick Wall 

20-in. Brick Wall 

24-in. Brick Wall 

28-in. Brick Wall 

32-in. Brick Wall 

Single Window 

Double Window 

Single Skylight 

Double Skylight 

1-in. Wooden Door 

2-in. Wooden Door 

2-in. Solid Plaster Partition . . . 
3-in. Solid Plaster Partition. . . 
Concrete Floor on Brick Arch . 
Wood Floor on Brick Arch . . 

Double Wood Floor 

Walls of Ordinary Wooden 
Dwellings 



Difference between 


Inside 


AND OUT- 




SIDE Te 


MPE 

50« 


RATURES 




lO** 


20° 


80° 


40° 


60° 


70° 


KU .(0° 100° 


5 


9 


13 


18 


22 


27 


31 


3fi' 10 45 


4 


7 


10 


13 


16 


20 23 


•2u 30, 33 


3 


5 


8 


10 


13 


16 


19 


2- 24 r" 


2.8 


4.5 


7 


9 


11 


14 


16 


IK 20 23 


2.5 


4 


6 


8 


10 


12 


14 


K; 18 


20 


2 


3.5 


5 


7 


9 


11 


13 


14 16 


18 


1.5 


3 


4.5 


6 


8 


10 


11 


13 15 


16 


12 


24 


36 


49 


60 


73 


85 


9:M 10122 


8 


IG 


24 


32 


40 


48 56 


I.J 70 78 


11 


21 


31 


42 


52 


63 


73 


^^ 94 104 


7 


14 


20 


28 


35 


42 


48 


:.r, 62 70 


4 


8 


12 


If) 


20 


24 


28 


i- 36 40 


3 


5 


8 


11 


14 


17 


20 


L:o 25 28 





12 


18 


24 


30 


36 


42 


48, 54 60 


5 


10 


15 


20 


25 


30 


35 


40, 45, 50 


2 


4 


0.5 


9 


11 


13 


15 


18 20, 22 


1.5 


3 


4.5 


f) 


7 


9 


10 


1 12 13 15 


1 


2 


3 


4 


^ 


6 


7 


8. 9 10 

1 


'3 


5 


8 


10 


la 


16 


10 


22' 24 27 

1 1 1 



For solid stone walls y multiply the figures for brick of the same thickness 
by 1.7. Where rooms have a cold attic above or cellar beneath, multiply the 
heat loss through walls and windows by 1.1. 

Correction for Leakage. The figures given in the above table apply only 
to the most thorough construction. For the average well-built house, the 
results should be increased about 10 per cent; for fairly good construction, 
20 per cent; and for poor construction, 30 per cent. 

Table V applies only to a southern exposure; for other exposures multi- 
ply the heat loss given in Table V by the factors given in Table VI. 

of the wall, the thickness, the number of layers, and the difference 
between the inside and outside temperatures. The exact amount of 
heat lost in this way is very difficult to determine theoretically, hence 
we depend principally on the results of experiments. 

Loss by Air-Leakage. The leakage of air from a room varies 
from one to two or more changes of the entire contents per hour, 
depending upon the construction, opening of doors, etc. It is com- 
mon practice to allow for one change per hour in well-constructed 
buildings where two walls of the room have an outside exposure. As 
the amount of leakage depends upon the extent of exposed wall and 
window surface, the simplest way of providing for this is to increase 
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TABLE VI 


Factors for Calculating: Heat Loss for Other than Southern Exposures 


ExposuRB Factor 


N. 


1.32 


E. 


1.12 


S. 


1.0 


w. 


1.20 


N.E. 


1.22 


N.W. 


1.26 


S.E. 


1.06 


s. w. 


1.10 


N., E., S., and W., or total exposure 


l.lG 



the total loss through walls and windows by a factor depending upon 
the tightness of the building construction. Authorities differ con- 
siderably in the factors given for heat losses, and there are various 
methods for computing the same. The figures given in Table V have 
been used extensively in actual practice, and have been found to give 
good results when used with judgment. The table gives the heat losses 
through different thicknesses of walls, doors, windows, etc., in B. T. 
U., per square foot of surface per hour, for varying differences, in inside 
and outside temperatures. 

In commuting the heat loss through umlbt, only those exposed to 
the ovtstde air are considered. 

In order to make the use of the table clear, we shall give a num- 
ber of examples illustrating its use: 

Example 1. Assuming an inside temperature of 70°, what will be the 
heat loss from a room having an exposed wall surface of 200 square feet and a 
glass surface of 50 square feet, when the outside temperature is zero? The 
wall is of brick, 16 inches in thickness, and has a southern exposure; the win- 
dows are single; and the construction is of the best, so that no account need 
be taken of leakage 

We find from Table V, that the factor for a 16-inch brick wall 
with a difference in temperature of 70° is 19, and that for glass (single 
window) under the same condition is 85; therefore, 

Ivoss through walls « 200 X 19 = 3,800 
Loss through windows = 50 X 85 = 4,250 



Total loss per hour = 8,050 B. T. U. 

Example 2. A room 15 ft. square and 10 ft. high has two exposed walls, 
one toward the north, and the other toward the west. There are 4 windows, 
each 3 feet by 6 feet in size. The two in the north wall are double, while the 
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other two are single. The walls are of brick, 20 inches in thickness. With an 
inside temperature of 70°, what will be the heat loss per hour when it is 10® 
below zero? 

Total exposed surface = 15 X 10 X 2 = 300 
Glass surface = 3X 6X4= 72 

Net wall surface = 228 

Difference between inside and outside temperature 80°. 
Factor for 20-inch brick wall is 18. 
Factor for single window is 93. 
Factor for double window is 62. 
The heat losses are as follows: 

Wall, 228 X 18 = 4,104 

Single windows, 36 X 93 = 3,348 

Double windows, 3(5 X 02 = 2,232 



9,084 B.T.U. 

As one side is toward the north, and the other toward the west, the 
actual exposure is N. \V. Ix)oking in Table VI, we find the correction 
factor for this exposure to be 1.20; therefore the total heat loss is 
9,684 X 1.26 - 12,201.84 B.T.U. 

Example 3. A dwelling-house of fair wooden construction measures 
160 ft. around the outside; it has 2 stories, each 8 ft. in height; the windows 
are single, and the glass surface amounts to one-fifth the total exposure; the 
attic and cellar are unwarmed. If 8,000 B. T. U. are utilized frotn each pound 
of coal burned in the furnace, how many pounds* will be required per hour to 
maintain a temperature of 70° when it is 20° above zero outside? 

Total exposure = 160 X 16 = 2,560 
Glass surface = 2,560 -^ 5 = 512 



Net wall =2,048 

Temperature difference =^ 70 — 20 = 50^ 
Wall 2,048 X 13 = 26,624 

Glass 512 X 60 = 30,720 



57,344 B.T.U. 
As the building is exposed on all sides, the factor for exposure will be 
the average of those for N., E., S., and W., or 

(1.32 + 1.12 + 1.0 + 1.20) -- 4 = 1 16 
The house has a cold cellar and attic, so we must increase the heat loss 
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iO per cent for each of the first two conditions, and 20 per cent for the 
last. Making these corrections we have: 

57,344 X 1.16X 1.10 X 1.10 X 1.20 = 96,338 B.T.U. 
If one pound of coal furnishes 8,000 B. T. U., then 96,338 ~ 8,000 = 
12 pounds of coal per hour required to warm the building to 70^ 
under the conditions stated. 

Approximate Method, For dwelling-houses of the average con- 
struction, the following simple method for calculating the heat loss 
may be used. Multiply the total exposed surface by 45, which will 
give the heat loss in B. T. U. per hour for an inside tempefature of 70^ 
in zero weather. 

This factor is obtained in the following manner : Assume the glass 
surface to l>e one-sixth the total exposure, which is an average propor- 
tion. Then each scjuare foot of exposed surface consists one-sixth 
of glass and five-sixths of wall, and the heat loss for 70° difference in 
temperature would be as follows : 

Wall -~ X 19 = 15.8 
() 

Glass i- X 85 = 14.1 

29.9 
Increasing this 20 per cent for leakage, 16 per cent for exposure, and 
10 per cent for cold ceilings, we have : , 

29.9 X 1.20 X 1.16 X 1.10 == 45. 

The loss through floors is considered as being offset by including 
the kitchen walls of a dwelling-house, which are warmed by the range, 
and which would not otherwise be included if computing the size of a 
furnace or boiler for heating. 

If the heat loss is required for outside temperatures other than 
zek), multiply by 50 for 10 degrees below, and by 40 for 10 degrees 
above zero. 

This method is convenient for approximations in the case of 
dwelling-houses; but the more exact method should be used for other 
types of buildings, and in all cases for computing the heating surface 
for separate rooms. When calculating the heat loss from isolated 
rooms f the cold inside walls as well as the outside must be considered. 

The loss through a wall next toacold attic or other unwarmed space 
may in general be taken as about two-thirds that of an outside wall. 



»7 Digitized by Google 



18 nEAriNG Axn VENTTTATION 



Heai Loss by Ventilation. One B. T. U. will raise the tempera- 
ture of 1 cubic foot of air 55 degrees at average temperatures and 
pressures, or will raise 55 cubic feet 1 degree, so that the heat required 
for the ventilation of any room can be found by the following formula: 

Cu. ft. of air per hour X Number of degrees rise -r* rr. tt ■ i 
~ r^^ -^ = B. T. U. required. 

To compute the heat loss for any given room which is to be 
ventilated, first find the loss through walls and windows, and correct 
for exposure and leakage; then compute the amount required for 
ventilation as above, and take the sum of the two. An inside tem- 
perature of 70° is always assumed^unless otherwise stated. 

Examples. What quantity of heat will be required to warm 100,000 
cubic feet of air to 70° for ventilating purposes when the outside temperature 
is 10 below zero? 

100,000 X 80 H- 55 = 145,454 B. T. U. 

How many B. T. U. will be required per hour for the ventilation of a 
church seating 500 people, in zero weather? 

Referring to Table III, we find that the total air required per 
hour is 1,200 X 500 = 600,000 cu. ft.; therefore 600,000 X 70 h- 55 
= 763,636 B. T. U. 

The factor — — is approximately 1.1 for 60°, 

oo 

1.3 for 70°, and 1.5 for 80°. Assuming a temperature of 70° for the 

entering air, we may multiply the air-volume supplied for ventilation 

by 1.1 for an outside temperature of 10° above 0, by 1.3 for zero, and 

by 1.5 for 10° below zero — which covers the conditions most commonly 

met with in practice. 

EXAMPLES FOR PRACTICE 

1. A room in a grammar school 28 ft. by 32 ft. and 12 feet high is 
to accommodate 50 pupils. The walls are of brick 16 inches in thick- 
ness; and there are 6 single windows in the room, each 3 ft. by 6 ft.; 
there are warm rooms above and below; the exposure is S. E. How 
many B. T. U. will be required per hour for warming the room, and 
how many for ventilation, in zero weather, assuming the building to 
be of average construction? 

An8. 24,261 + for warming; 152,727 + for ventilation. 

2. A stone church seating 400 people has walls 20 inches in 
thickness. It has a wall exposure of 5,000 square feet, a glass expos- 
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ure (single windows) of 600 square feet, and a roof exposure of 7,000 
square feet; the roof is of 2-inch pine plank, and the factor for heat 
loss may be taken the same as for a 2-inch wooden door. The floor 
is of wood on brick arches, and has an area of 4,000 square feet. The 
building is exposed on all sides, and is of first-class construction. 
What will be the heat required per hour for both warming and ventila- 
tion when the outside temperature is 20*^ above zero? 

Ans. 296,380 for warming; 436,363 + for ventilation. 
3. A dwelling-house of average wooden construction measures 
200 feet around the outside, and has 3 stories, each 9 feet high. 
Compute the heat loss by the approximate method when the tem- 
perature is 10° below zero. 

Ans. 270,000 B. T. U. per hour. 

FURNACE HEATING 

In construction, a furnace is a large stove with a combustion 
chamber of ample size over the fire, the whole being inclosed in a 
casing of sheet iron or brick. The bottom of the casing is provided 
with a cold-air inlet, and at the top are pipes which connect with 
registers placed in the various rooms to be heated. Cold, fresh air 
is brought from out of doors through a pipe or duct called the cold-air 
box; this air enters the space between the casing and the furnace near 
the bottom, and, in passing over the hot surfaces of the fire-pot and 
combustion chamber, becomes heated. It then rises through the 
warm-air pipes at the top of the casing, and is discharged through the 
registers into the rooms above. 

As the warm air is taken from the top of the furnace, cold air 
flows in through the cold-air box to take its place. The air for heating 
the rooms does not enter the combustion chamber. 

Fig. 5 shows the general arrangement of a furnace with its con- 
necting pipes. The cold-air inlet is seen at the bottom, and the hot-air 
pipes at the top; these are all provided with dampers for shutting off or 
regulating the amount of air flowing through them. The feed or fire 
door is shown at the front, and the ash door beneath it; a water-pan is 
placed inside the casing, and furnishes moisture to the warm air before 
passing into the rooms; water is either poured into the pan through an 
opening in the front, provided for this purpose, or is supplied auto- 
matically through a pipe. 
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The fire is regulated by means of a draft slide in the ash door, and 
a cold-air or regulating damper placed in the smoke-pipe. Clean-out 
doors are placed at different points in the casing for the removal of 




ashes and soot. Furnaces are made either of cast iron, or of wrought- 
iron plates riveted together and provided with brick-lined firepots. 
Types of Furnaces. Furnaces may be divided into two general 



•0 



Digitized by 



Google 



HEATING AND VENTILATION 



21 



types- known as direct-draft and indirect-draft. Fig. G shows a com- 
mon form of direct-draft furnace with a brick setting; the better class 
have a radiator, generally placed at the top, through which the gases 
pass before reaching the smoke-pipe. They have but one damper, 
usually combined with a cold-air check. Many of the cheaper direct- 




Fig. 6. A Common T\'pe of Direct- Draft Furnace In Urick Setting. 
Cast-Irou liadlator at Top. 

draft furnaces have no radiator at all, the gases pa,ssing din^ctly into 
the smoke-pipe and carrying away much heat that should be utilized. 

The furnace shown in Fig. 6 is made of cast iron and has a large 
radiator at the top; the smoke connection is shown at the rear. 

Fig. 7 represents another form of direct-draft furnace. In this 
case the radiator is made of sheet-steel plates riveted together, and the 
outer casing is of heavy galvanized iron instead of brick. 

In the ordinary indirect-draft tyjxj of furnace (see Fig. <S), the 
gases pass dot^^nward through flues to a radiator located near the ba^^ 
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thence upward through another flue to the smoke-pipe. In addition 
to the damper in the smoke-pipe, a direct-draft damper is required 
to give direct connection with the funnel when coal is first put on, to 
facilitate the escape of gas to the chimney. When the chimney draft 




Fig. 7. Direct- Draft Furnace with Oalvanlzed-Iron Casing. 
Made of Riveted Steel Plates. 



Radiator (at top) 



is weak, trouble from gas is more likely to be experienced with fur- 
naces of this type than with those having a direct draft. 

Grates. No part of a furnace is of more importance tluin the 
grates. The plain grate rotating about a center pin was for a long 
time the one most commonly used. These grates were usually pro- 
vided with a clinker door for removing any refuse too large to pass 
between the grate bars. The action of such grates tends to leave a 
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cone of ashes in the center of the fire causing it to burn more freely 
around the edges. A better form of grate is the revolving triangular 
pattern, which is now used in many of the leading furnaces. It con- 
sists of a series of triangular bars having teeth. The bars are con- 
nected by gears, and are turned by means of a detachable lever. If 




Fig. 8- Indirect-Draft Type of Furnace. Gases Pass Downward to Radiator at Bottom, 
Thence Upward to Smoke-PliHj. 



properiy used, this grate will cut a slice of ashes and clinkers from 
under the entire fire with little, if any loss of unccnsumed coal. 

The Firepot. Firepots are generally made of cast iron or of steel 
plate lined with firebrick. The depth ranges from about 12 to 18 
inches. In cast-iron furnaces of the better class, the firepot is made 
very heavy, to insure durability and to render it less likely to become 
red-hot. The firepot is sometimes made in two pieces, to reduce th^ 



33 



Digitized by 



Google 



24 HEATING AND VENTILATION 

liability to cracking. The heating surface is sometimes increased by 
corrugations, pins, or ribs. 

A firebrick lining is necessary in a wrought-iron or steel furnace 
to protect the thin shell from the intense heat of the fire. Sinc6 brick- 
lined firepots are much less effective than cast-iron in transmitting 
heat, such furnaces depend to a great exten4*for their efficiency on the 
Seating surface in the dome and radiator; and this, as a rule, is much 
greater than in those of cast iron. 

Cast-iron furnaces have the advantage when coal is first put on 
(and the drop flues and radiator are cut out by the direct damper) "of 
still giving off heat from the firepot, while in the case of brick linings 
very little heat is given off in this way, and the rooms are likely to 
become somewhat cooled before the fresh coal becomes thoroughly 
ignited. 

Combustion Chamber. The body of the furnace above the fire- 
pot, commonly called the dome or feed section, provides a combustion 
chamber. This chamber should be of sufficient size to permit the 
gases to become thoroughly mixed with the air passing up through the 
fire or entering through openings provided for the purpose in the feed 
door. In a well-designed furnace, this space should be somewhat 
larger than the firepot. 

Radiator. The radiaftor, so called, with which all furnaces of 
the better class are provided, acts as a sort of reservoir in which the 
gases are kept in contact with the air passing over the furnace until 
they have parted with a considerable portion of their heat. Radiators 
are built of cast iron, of steel plate, or of a combination of the two. 
The fonner is more durable and can be made with fewer joints, but 
owing to the difficulty of casting radiators of large size, steel plate is 
commonly used for the sides. 

The effectiveness of a radiator depends 6n its form, its heating 
surface, and the difference between the temperature of the giuses and 
the surrounding air. Owing to the accumulation of soot, the bottom 
surface becomes practically worthless after the furnace has been in 
use a short time; surfaces, to be effective, must therefore be self- 
cleaning. 

If the radiator is placed near the lK)ttom of the furnace the gases 
are surrounded by air at the lowest temperatuiv, which renders the 
radiator more eff^Ttive for a given size than if phiced near the top and 
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surrounded by warm air. On the other hand, the cold air has a ten- 
dency to condense the gases, and the acids thus formed are likely to 
corrode the iron. 

Heating Surface. The different heating surfaces may be de- 
scribed as follows: Firepot surface; surfaces acted upon by direct 
rays of heat from the fire,*such as the dome or combustion chamber; 
gas- or smoke-heated surfaces, such as flues or radiators; and ex- 
tended surfaces, such as pins or ribs. Surfaces unlike in character 
and location, vary greatly in heating power, so that, in making com- 
parisons of different furnaces, we must know the kind, form, and 
location of the heating surfaces, a^ well as the area. 

In some furnaces having an unusually large amount of surface, 
it will be found on inspection that a large part would soon become 
practically useless from the accumulation of soot. In others a large 
portion of the surface is lined with firebrick, or is so situated that the 
air-currents are not likely to strike it. 

The ratio of grate to heating surface varies somewhat according 
to the size of furnace. It may be taken as 1 to 25 in the smaller sizes, 
and 1 to 15 in the larger. 

Efficiency. One of the first items to be determined in esti- 
mating the heating capacity of a furnace, is its efficiency — ^that is, 
the proportion of the heat in the coal that may be utilized for wanning. 
The efficiency depends chiefly on the area of the heating surface as 
compared with the grate, on its character and arrangement, 'and on 
the rate of combustion. The usual proportions between grate and 
heating surface have been stated. The rate of combustion recjuired 
to maintain a temperature of 70° in the house, depends, of course, 
on the outside temperature. In very cold weather a rate of 4 to 5 
pounds of coal per square foot of grate |x;r hour must be main-* 
tained. ♦ 

One pound of good anthracite coal will give off about 13,000 
B. T. U., and a good furnace should utilize 70 per cent of this heat. 
The efficiency of an ordinary furnace is often much less, sometimes 
as low as 50 per cent. 

In estimating the required size of a first-class furnace with good 
chimney draft, we may Si fely count upon a maximum combustion 
of 5 pounds of coal per scjuare foot of grate per hour, and may assume 
that 8,000 B. T. U. will be utilized for warming puqjoses from each 
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pound bumed. This quantity corresponds to an efBciency of 60 
per cent. 

Heating Capacity. Having determined the heat loss from a 
building by the methods previously given, it is a simple matter to 
compute the size of grate necessary to bum a sufficient quantity of 
coal to furnish the amount of heat required for warming. 

In computing the size of furnace, it is customary to consider the 
whole house as a single room, with four outside walls and a cold attic. 
The heat losses by conduction and leakage are computed, and in- 
creased 10 per cent for the cold attic, and 16 per cent for exposure. 
The heat delivered to the various rooms may be considered as being 
made up of two parts — firsty that required to warm the outside air 
up to 70° (the temperature of the rooms); and second, the quantity 
which must be added to this to offset the loss by conduction and leak- 
age. Air is usually delivered through the registers at a temperature 
of 120°, with zero conditions outside, in the best class of residence 

70 
work; so that — - of the heat given to the entering air may be con- 
sidered as making up the first part, mentioned above, leaving -r^ 

available for purely heating purposes. From this it is evident that 

50 
the heat supplied to the entering air must be equal to 1 "^ . on "^ ^ * "^ 

times that required to offset the loss by conduction and leakage. 

Example. The loss through the walls and windows of a building is 
found to be 80,000 B. T. IJ. per hour in zero weather. What will be the size 
of furnace required to maintain an inside temperature of 70 degrees? 

From the above, we have the total heat required, equal to 80,000 

X 2.4 = 192,000 B. T. U. per hour. If we assume that 8,000 B. T. 

U. are utilized per pound of coal, then 192,000 -r- 8,000 = 24 pounds 

of coal required per hour; and if 5 pounds can be burned on each 

24 
square foot of grate per hour, then — - = 4.8 square feet required. 

'- o 

A grate 30 inches in diameter has an area of 4.9 square feet, and is the 
size we should use. 

When the outside temperature is taken as 10° below zero, multi- 
ply by 2.6 instead of 2.4; and multiply by 2.8 for 20° below. 

Tabic VII will be found useful in determining the dijimeter of 
firepot required. 
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TABLE VII 
Firepot Dimensions 



AVEBAOE DiAlfETBR OF GraTE, IN InCHES 


Area in Square Feet 


18 


1.77 


20 


2.18 


22 


2.64 


24 


3.14 


26 


3.69 


28 


4.27 


30 


4.91 


32 


5.58 



EXAMPLES FOR PRACTICE 

1. A brick apartment house is 20 feet wide, and has 4 stories, 
each being 10 feet in height. The house is one of a block, and is 
exposed only at the front and rear. The walls are 16 inches thick, 
and the block is so sheltered that no correction need be made for 
exposure. Single windows make up J the total exposed surface. 
Figure for cold attic but warm basement. What area of grate surface 
will be required for a furnace to keep the house at a temperature of 
70° when it is 10° below zero outside? Ans.'3.5 square feet. 

2. A house having a furnace with a firepot 30 inches in diameter, 
is not sufficiently warmed, and it is decided to add a second furnace 
to be used in connection with the one already in. The heat loss from 
the building is found by computation to be 133,600 B. T. U. per hour, 
in zero weather. What diameter of firepot will be required for the 
extra furnace? Ans. 24 inches. 

Location of Furnace. A furnace should be so placed that the 
warm-air pipes will be of nearly the same length. The air travels 
most readily through pipes leading toward the sheltered side of the 
house and to the upper rooms. Therefore pipes leading toward the 
north or west, or to rooms on the first floor, should be favored in 
regard to length and size. The furnace should be placed somewhat 
to the north or west of the center of the house, or toward the'points 
of compass from which the prevailing winds blow. 

Smok^Pipes. Furnace smoke-pipes range in size from about 
6 inches in the smaller sizes to 8 or 9 inches in the larger ones. They 
are generally made of galvanized iron of No. 24 gauge or heavier. 
The pipe should be carried to the chimney as directly as possible, 
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avoiding bends which increase the resistance and diminish the draft. 
Where a smoke-pipe passes through a partition, it should be pro- 
tected by a soapstone or double-perforated metal collar having a 
diameter at least 8 inches greater than that of the pipe. The top of 
the smoke-pipe should not l)e placed within 8 inches of unprotected 
beams, nor less than 6 inches under beams protected by asbestos or 
plaster with a metal shield beneath. A collar to make tight con- 
nection with the chimney should be riveted to the pipe about 5 inches 
from the end, to prevent the pipe being pushed too far into the flue. 
Where the pipe is of unusual length, it is well to cover it to prevent 
loss of heat and the condensation of smoke. 

Chimney Flues. Chimney flues, if built of brick, should have 
walls 8 inches in thickness, unless terra-cotta linings are used, when 
only 4 inches of brickwork is recjuired. Except in small houses 
where an 8 by 8-inch flue may be used, the nominal size of the smoke 
flue should be at least 8 by 12-inches, to allow for contractions or off- 
sets. A clean-out door should be placed at the bottom of the flue, 
for removing ashes and soot. A square flue cannot be reckoned at 
its full art^a, as the corners are of little value. To avoid down drafts, 
the top of the chimney must be carried above the highest point of the 
roof unless provided with a suitable hood or top. 

Cold-Air Box. The cold-air box should be large enough to 
supply a volume of air sufficient to fill all the hot-air pipes at the same 
time. If the supply is too small, the distribution is sure to be une(|ual, 
and the cellar will become overheated from lack of air to carry away 
the heat generated. 

If a l)ox is made too small, or is throttled down so that the volume 
of air entering the furnace is not large enough to fill all the pipes, 
it will l)e found that those leading to the less exposed side of the 
house or to the upper r(K)ms will take the entire supply, and that 
additional air to supply the deficiency will be drawn down through 
registers in rooms less favorably situated. It is common practice 
to make the area of the cold-air box three-fourths the combined 
area of the hot-air pipes. The inlet should Ik* placed where the 
prevailing cold winds will blow into it; this is commonly on the north 
or west side of the house. If it is placed on the side away from the 
wind, warm air from the furnace is likely to be drawn out thiough 
the cold-uir box. 
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Whatever may be the location of the entrance to the cold-air 
box, changes in the direction of the wind may take place which will 
bring the inlet on the wrong side of the house. To prevent the 
possibility of such changes affecting the action of the furnace, the 
cold-air l)Ox is sometimes extended through the house and left open 
at both ends, with check-<lampers arranged to prevent back-drafts. 
These checks should be placed some distance from the entrance, to 
prevent their becoming clogged with snow or sleet. 

The cold-air box is generally made of matched boards; but 
galvanized iron is much better; it costs more than wood, but is well 
worth the extra expense on account of tightness, which keeps the dust 
and ashes from being drawn into the furnace casing to be discharged 
through the registers into the rooms al)ove. 

The cold-air inlet should l>e covered with galvanized wire netting 
with a mesh of at least three-eighths of an inch. The frame to which 
it is attached should not 
l)e smaller than the in- 
side dimensions of the 
cold-air box. A door to 
admit air from the cellar 
to the cold-air box is 
generally provided. As 
a rule, air should be 
taken from this source, 
only when the house is 
temporarily unoccupied 
or during high winds. 

Return Duct. In 
some cases it is desirable 
to return air to the fur- 
nace from the rooms 
above, to be reheated. Ducts for this purpose are common in places 
where the winter temperature is frequently below zero. Return 
ducts when used, should be in addition to the regular cold-air box. 
Fig. 9 shows a common method of making the connection between 
the two. By proper adjustment of the swinging damper, the air can 
be taken either from out of doors or through the register from the 
room above. The return register is often placed in the hallway of 




Fig 9. 



'r^^t^'^:^.i^m^'-^m^^^m^ 
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Common Method of Connecting Return Duct to 
Cold-Air Box. 
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a house, so that it will take the cold air which rushes in when the 
door is opened and also that which may leak in around it while 
closed. Check-valves or flaps of light gossamer or woolen cloth 
should be placed between the cold-air box and the registers to pre- 
vent back-drafts during winds. 

The return duct should not be used too freely at the expense of 
outdoor air, and its use is not recommended except during the night 
when air is admitted to the sleeping rooms through open windows. 

Warm-Air Pipes. The required size of the warm-air pipe to 

any given room, depends on the heat loss from the room and on the 

volume of warm air required to offset this loss. Each cubic foot of 

air warmed from zero to 120 degrees brings into a room 2.2 B. T. U. 

We have already seen that in zero weather, with the air entering the 

50 
registers at 120 degrees, only rz^ot the heat contained in the air is 

available for offsetting the losses by radiation and conduction, so that 

50 
only 2.2 X r^ = .9 B. T. U. in each cubic foot of entering air can 

be utilized for warming purposes. Therefore, if we divide the com- 
puted heat loss in B. T. U.' from a room, by .9, it will give the number 
of cubic feet of air at 120 degrees necessary to warm the room in zero 
weather. 

As the outside temperature becomes colder, the quantity of heat 
brought in per cubic foot of air increases; but the proportion avail- 
able for warming purposes becomes less at nearly the same rate, so 

TABLE VIII 
Warm -Air Pipe Dimensions 



Diameter op Pipe, 


Area 


Area 


IN Inches 


IN Square Inches 


in Square Feet 


6 


28 


.196 


7 


38 • 


.267 


8 


50 


.349 


9 


64 


.442 


10 


79 


.545 


11 


95 


.660 


12 


113 


.785 


13 


133 


.922 


14 


154 


1.07 


15 


177 


1.23 


16 


201 


1.40 
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that for all practical purposes we may use the figure .9 for all usual 
conditions. In calculating the size of pipe required, we may assume 
maximum velocities of 260 and 380 feet per minute for rooms on the 
first and second floors respectively. Knowing the number of cubic 
feet of air per minute to be delivered, we can divide it by the velocity, 
which will give us the required area of the pipe in square feet. 

Round pipes of tin or galvanized iron are used for this purpose. 
Table VIII will be found useful in determining the required diameters 
of pipe in inches. 

Example. The heat loss from a room on the second floor is 18,000 B. 
T. U. per hour. What diameter of warm-air pipe will be required? 

18,000 -r .9 = 20,000 = cubic feet of air required per hour. 
20,000 -f- 60 = 333 per minute. Assuming a velocity of 380 feet 
per minute, we have 333 -r- 380 = .87 square foot, which is the 
area of pipe required. Referring to Table VIII, we find this comes 
between a 12-inch and a 13-inch pipe, and the larger size would 
probably be chosen. 

EXAMPLES FOR PRACTICE 

1. A first-floor room has a computed loss of 27,000 B. T. U. 
per hour when it is 10° below zero. The air for warming is to enter 
through two pipes of equal size, and at a temperature of 120 degrees. 
What will be the required diameter of the pipes? 

Ans. 14 inches. 

2. If in the above example the room had been on the second 
floor, and the air was to be delivered through a single pipe, what 
diameter would be required? 

Ans. 16 inches. 

Since long horizontal runs of pipe increase the resistance and 
loss of heat, they should not in general be over 12 or 14 feet in length. 
This applies especially to pipes leading to rooms on the first floor, 
or to those on the cold side of the house. Pipes of excessive length 
should be increased in size because of the added resistance. 

Figs. 10 and 11 show common methods of nmning the pipes in 
the basement. The first gives the best results, and should be used 
where the basement is of sufficient height to allow it. A damper 
should be placed in each pipe near the furnace, for regulating tTie flow 
of air to the different rooms, or for shutting it off entirely when desired. 



41 Digitized by GoOglC 



32 



HEATING AND VENTILATION 



While round pipe risers give the best results, it is not always 
possible to provide a sufficient space for them, and flat or oval pipes 
are substituted. When vertical pipes must be placed in single par- 
titions, much better results will be obtained if the studding can be 





Fig. 10. FiR. 11. 

Common Methods of Running Hot- Air Pipes in Basement. Method Shown In Fig. 10 

is Preferable where Feasible. 

made 5 or 6 inches deep in.stoad of 4 as is usually done. Flues should 
never in any case be made less than 3 J inches in depth. Each room 
should be heated by a separate pipe. In some cases, however, it is 
allowable to run a single riser to heat two unimportant rooms on an 
upper floor. A clear space of at least i inch should be left between 
the risers and studs, and the latter should be carefully tinned, and the 

TABLE IX 
Dimensions of Oval Pipes 
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space between them on both sides covered with tin, asbestos, or wire 
lath. 

Table IX gives the capacity of oval pipes. A G-inch pipe ovaled 
to 5 means that a#6-inch pipe has been flattened out to a thickness of 
5 inches, and column 2 gives the resulting area. 

Having determined the size of round pipe required, an equiva- 
lent oval pipe can be selected from the table to suit the space available. 

Registers. The registers which control the supply of warm 
air to the rooms, generally have a net area equal to two-thirds of their 
gross area. The net area should be from 10 to 20 per cent greater 
than the area of the pipe connected with it. It is common practice 
to use registers having the short dimensions equal to, and the long 
dimensions about one-half greater than, the diameter of the pipe. 
This would give standard sizes for different diameters of pipe, as 
listed in Tal)le X. 

TABLE X 
Sizes of Res:lster8 for Different Sizes of Pipes 
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Combination Systems. A combination system for heating by 
hot air and hot water consists of an ordinary furnace with some form 
of surface for heating water, placed either in contact with the fire or 
suspended above it. Fig. 12 shows a common arrangement where 
part of the heating surface forms a portion of the lining to the Rrepot 
and the remainder is above the fire. 

Care must be taken to proi)ortion properly the work to be done 
by the air and the water; else one will operate at the expense of the 
other. One square foot of heating surface in contact with the fire is 
capable of supplying from 40 to 50 square feet of radiating surface, 
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and one square foot suspended over the fire will supply from 15 to 25 
square feet of radiation. 

The value or efficiency of the heating surface varies so widely in 
different makes that it is best to state the required conditions to the 




*^*I^ 



Fig. 12. Combination Furnace, fur Healing by Both Hot Air and Hot Water. 

manufacturers and have them proportion the surfaces as their experi- 
ence has found best for their particular type of furnace. 

Care and Management of Furnaces. The following general 
rules apply to the management of all hard coal furnaces. 

The fire should be thoroughly shaken once or twice daily in cold 
\veather. It is w^ell to keep the firepot heaping full at all times. In 
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this way a more even temperature may be maintained, less attention is 
required, and no more coal is burned than when the pot is only partly 
filled. In mild weather the mistake is frequently made of carrying a 
thin fire, which requires frequent attention and is likely to die out. 
Instead, to diminish the temperature in the house, keep the firepot 
full and allow ashes to accumulate on the grate (not under it) by shak- 
ing less frequently or less vigorously. The ashes wuU hold the heat 
and render it an easy matter to maintain and control the fire. When 
feeding coal on a low fire, open the drafts and neither rake nor shake 
the fire till the fresh coal becomes ignited. The air supply to the fire 
is of the greatest importance. An insufficient amount results in incom- 
plete combustion and a great loss of heat. To secure proper combus- 
tion, the fire should be controlled priticipally by means of the ash-pit 
through the ash-pit door or slide. 

The smoke-pipe damper should be opened only enough to carry 
off the gas or smoke and to give the necessary draft. The openings 
in the fee3 door act as a check on the fire, anrl should be kept closed 
during cold weather, except just after firing, ^-iiori w^ith a good draft 
they may be partly opened to in( rease the air-supply and promote the 
proper combustion of the gases. 

Keep the ash-pit clear to avoid warping or melting the grate. 
The cold-air box should be I pt wide open except during winds or 
when the fire is low. At sue; times it may be partly, but never com- 
pletely closed. Too much stress cannot be laid on the importance 
of a sufficient air-supply to the furnace. It costs little if any more 
to maintam a comfortable temperature in the house night and day 
than to allow tlie rooms to l)ecome so cold during the night that the 
fire must be forced in the morning to warm them up to a comfortable 
temperature. 

In case the warm air fails at times to reach certain rooms, it 
may be forced into them by temporarily closing the registers in other 
rooms. The current once established will generally continue after 
the other registers have been opened. 

It is best to burn as hard coal as the draft will warrant. Egg 
size is better than larger coal, since for a given weight small lumps 
expose more surface and ignite more quickly than larger ones. The 
furnace and smoke-pipe should be thoroughly cleaned once a year. 
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This should be done just after the fire has been allowed to go out in 
the spring. 

STEAM BOILERS 

Types. The boilers used for heating are the same as have already 
been described for power work. In addition there is the cast-iron 
sectional boiler, used almost exclusively for dwelling-houses. 

Tubular Boilers. Tubular boilers arc largely used for heating 
purposes, and are adapted to all classes of buildings except dwelling- 
houses and the special cases mentioned later, for which sectional 
boilers are preferable. A boiler horse-power has been defined as the 
evaporation of 34 J pounds of water from and at a temperature of 212 
degrees, and in doing this 33,317 B. T. U. are absorbed, which are 
again given out when the steam is condensed in the radiators. Hence 
to find the boiler H. P. required for warming any given building, we 
have only to compute the heat loss per hour by the methods already 
given, and divide the result by 33,330; It is more common to divide 
by the number 33,00(), which gives a slightly larger boiler and is on 
the side of safety. 

The commercial horse-power of a well-designed boiler is based 
upon its heating surface; and for the best economy in heating work, 
it should be so proportioned as to have al>out 1 square foot heating of 
surface for each 2 pounds of water to be evaporated from and at 212 
degrees F. This gives 34.5 -^ 2 = 17.2 square feet of heating surface 
per horse-power, which is generally taken as 1 5 in practice. Makers of 
tubular boilers commonly rate them on a basis of 1 2 square feet of heat- 
ing surface per horse-power. This is a safe figure under the conditions 
of power work, where skilled firemen are employed and where more 
care is taken to keep the heating surfaces free from soot and ashes. 
For heating plants, however, it is better to rate the boilers upon 15 
square feet per horse-power as stated above. 

There is some difference of opinion as to the proper method of 
computing the heating surface of tubular boilers. In general, all 
surface is taken which is exposed to the hot gases on one side and to 
the water on the other. A safe rule, and the one by which Table 
XII is computed, is to take 1 the area of the shell, J of the rear head, 
less the tube area, and the interior surface of all the tubes. 

The required amount of grate area, and the proper ratio of heat- 
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ing surface to grate area, vary a good deal, depending on the character 
of the fuel and on the chimney draft. By assuming the probable 
rates of combustion and evaporation, we may compute the required 
grate area for any boiler from the formula : 



S 



If. P. X 34.5 



E XC 
in which 

S = Total grate area, in scjuare feet; 

E = Pounds of water evaporated jxt pound of coal ; 

C = Pounds of coal burned per s(juare foot of grate per hour. 

Table XI gives the approximate grate area per II. P. for different 
rates of evaporation and combustion as computed by the above 
equation. 

TABLE XI 
Orate Area per Horse-Power for Different Rates of Evaporation and 

Combustion 
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.43 
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.02 


.41 
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.72 


.58 


.48 



For oxaniple, with an evaporation of 8 [Knintls of steam per pound of 
coal, and a combuKtion of 10 pounds of coal per sc|uare foot of grate, .43 of a 
square foot of grate surface per II. P. would be called for. 

The ratio of heating to grate surface in this type of boiler ranges 
from 30 to 40, and therefore allows under ordinary conditions a com- 
bustion of from 8 to 10 pounds of coal per square foot of grate. This 
is easily obtained with a good chimney draft and careful firing. The 
larger the boiler, the more important the plant usually, and the greater 
the care bestowed upon it, so that we may generally count on a higher 
rate of combustion and a greater efficiency as the size of the boiler 
increases. Table XII will be found very useful in determining 
the size of boiler required under different conditions. Hie grate 
area is computed for an evaporation of 8 pounds of w ater per pound 
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TABLE XII 
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of coal, which corresponds to an efficiency of about 60 per cent, and 
is about the average obtained in practice for heating boilers. 

The areas of uptake and smoke-pipe are figured on a basis of 
1 square foot to 7 square feet of grate surface, and the results given 
in round numbers. In the smaller sizes the relative size of smoke- 
pipe is greater. The rate of combustion runs from 6 pounds in the 
smaller sizes to 11 j in the larger. Boilers of the proportions given 
in the table, correspond well with those used in actual practice, and 
may be relied upon to give good results under all ordinary conditions. 

Wdter-tube boilers are often used for heating purposes, but more 
especially in connection with power plants. The method of com- 
puting the required H. P. is the same as for tubular boilers. 

Sectional Boilers. Fig. 13 shows a common form of cast-iron 
boiler. It is made up of slabs or sections, each one of which is con- 
nected by nipples with headers at the sides and top. The top header 
acts as a steam drum, and the lower ones act as mud drums; they also 
receive the water of condensation from the radiators. The gases 
from the fire pass backward and forward through flues and are finally 
taken off at the rear of the boiler. 

Another common form of sectional boiler is shown in Fig. 14. 
It is made up of sections which increase the length like the one just 
described. These boilers have no drum connecting with the sections; 
but instead, each section connects with the adjacent one through 
openings at the top and bottom, as shown. 

The ratio of heating to grate surface in boilers of this type ranges 
from 15 to 25 in the best makes. They are provided with the usual 
attachments, such as pressure-gauge, water-glass, gauge-cocks, and 
safety-valve; a low-pressure damper regulator is furnished for operat- 
ing the draft doors, thus keeping the steam pressure practically con- 
stant. A pressure of from 1 to 5 pounds is usualty carried on these 
boilers, tlepending upon the outside temperature. The usual setting 
is simply a covering of some kind of non-conducting material like 
plastic magnesia or asbestos, although some forms are enclosed in 
light brickwork. 

In computing the recjuired size, we may proceed in the same 
manner iis in the case of a furnace. For the best types of house- 
heating boilers, we may assume a combustion of 5 pounds of coal per 
square foot of grate per hour, and an average efficiency of GO per cent. 
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which corresponds to (S,000 B. T. U. per pound of coal, available for 
useful work. 

In the case of direct-steam heating, we have only to supply heat 
to offset that lost by radiation and conduction; so that the grate are^ 
may be found by dividing the computed heat loss per hour by 8,000, 
which gives the number of i)oinids of coal; and this in turn, divided 
by 5, will give the area of grate recjuired. The most efficient rate of 




Pig. 13. Coimmm TyiK^t of Cast Iron Seollonal Boiler. Note Headers at Sides and Top 

Acting as Drums. 



combustion will depend somewhat upon the ratio between the grate 
and heating surface. It has been found by experience that about J 
of a pound of coal per hour for each square foot of heating surface 
gives the best results; so that, by knowing the ratio of heating surface 
to grate area for any make of heater, we can easily compute the most 
efficient rale of combustion, and from it determine the necessary grate 
area. 
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For example, suppose the heat loss from a building to be 4^'0,(XX) 
B. T. U. per hour, and that we wish to use a heater in which the ratio 
of heating surface to grate area is 24. What will be the most efficient 
rate of combustion and the required 
grate art^a? 480,000 -v- 8,000 == GO 
pounds of coal per hour, and 24 -r- 4 
= 0, which is the best rate of com- 
bustion to employ; therefore GO -^ (> 
= 10, the grate area recjuired. 

There are many diffeix^it designs 
of cast-iron boilers for low-prc\ssure 
steam and hot-water heating. In gen- 
eral, lH)ilers having a dnnn connecti^d 
by nipples with each sc^ction give 
dryer steam and hold a steiulier water- 
line than the second form, especially 
when forctnl alnne their normal ca- 
pacity. The steam, in passing througii 
the oj)enings Ix^twc^n successive sec- 
tions in onler to reach the outlet, 

is apt to carry with it more or less water, and to choke the oi>enings, 
thus pnxlucing an uneven pressure in different parts of the boiler. 

In the case of hot-water Innlers this objection disappears. 

In onler to adapt this type of l)oiler to steam' work, the opening 
between the sections should Ik» of good size, with an ample steam 
space alxne the water-line; and the nozzles for the discharge of steam 
should be locatcnl at frecjuent intervals. 




ViR. 14. Another Type of Sectional 
Boiler. Here there arenodrums, 
the sections Ix^ing directly 
connected through open- 
ings at top and t>ottoni. 
< our teg y of American liadiator Vo. 



EXAMPLES FOR PRACTICE 

1. The heat loss from a building is 24(),()(X) «. 1\ IT. per hour, 
and the ratio of heating to grate area in the heater to be used is 20. 
What will be the required grate area? Anh. sq. ft. 

2. The heat loss from a building is 1G8,000 B. T. U. per hour, and 
the chimney draft is such that not over 3 pounds of coal per hour can 
be burned per square foot of grate. What ratio of heating to grate 
urea will be nc^cessary, and what will be the rcMjuired grate area? 

Ans. Ratio, 12. Grate area, 7 s(). ft. 
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Cast-iron sectional boilers are used for dwelling-houses, small 
schoolhouses, churches, etc., where low pressures are carried. They 
are increased in size by adding more slabs or sections. After a certain 
length is reached, the rear sections become less and less efficient, thus 
limiting the size and power. 

Horse-Power for Ventilation. We already know that one 
B. T. U. will raise the temperature of 1 cubic foot of air 55 degrees, 
or it will r^ise 100 cubic feet y-J-j- of 55 degrees, or ^^V of 1 degree; 
therefore, to raise 100 cubic feet 1 degree, it will take 1 -r- j%\, or Yy 
B. T. U. ; and to raise 100 cubic feet through 100 degrees, it will take 
\%^- X 100 B. T. U. In other words, the B. T. U. reijuired to raise 
any given volume of air through any number of degrees in tempera- 
ture, is e<iual to 

Volume of air in cubic ft. X Degrees raised 
55 

Example. How many B. T. U. are reciuired to raise 100,000 
cubic feet of air 70 degrees? 

10a0002<TO_ ^27,272 + 
55 

To compute the 11. P. rajuired for the ventilation of a building, 

we multiply thq total air-supply, in cubic feet per hour, by the number 

of degrees through which it is to be raised, and divide the result by 55. 

This gives the B. T. U. per hour, which, dividcxl by 33,000, will give 

the H. P. recjuired. In using this rule, always take the air-supply in 

cubic feet per hour. 

EXAMPLES FOR PRACTICE 

1. The heat loss from a building is 1 ,650,000 B. T. U. per hour. 
There is to be an air-supply of 1,500,000 cubic feet per hour, raised 
through 70 degrees. What is the total boiler H. P. recjuired? 

Ans. lOS. 

2. A high school has 10 classrooms, each occupied by 50 pupils. 
Air is to be delivered to the rooms at a temperature of 70 degrees. 
WTiat will be the total H. P. required to heat and ventilate the building 
when it is 10 degrees below zero, if the heat loss through walls and 
windows is 1,320,000 B. T. U. per hour? Ans. 106+ . 

DIRECT-STEAM HEATING 

A system of direct-steam heating consists (1) of a furnace and 
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boiler for the combustion of fuel and the generation of steam; (2) a 
system of pipes for conveying the steam to the radiators and for 
returning the water of condensation to the boiler; and (3) radiatprs 
or coils placed in the rooms for diffusing the heat. 

Various types of boilers are used, depending upon the size and 
kind of building to be warmed. Some form of cast-iron sectional 
boiler is commonly used for dwelling-houses, while the tubular or 
water-tube boiler is more usually employed in larger buildings. 
Where the boiler is used for heating purposes only, a low steam-pres- 
sure of from 2 to 10 pounds is carried, and the condensation flows 
back by gravity to the boiler, which is placed below the lowest radiator. 
When, for any reason, a higher 
pressure is recjuired, the steam for 
the heating system is made to 
pass through a reducing valve, 
and the condensation is returned 
to the boiler by means of a pump 
or return trap. 

Types of Radiating Surface. 
The radiation used indirect-steam 
heating is made up of cast-iron 
radiators of various forms, pipe 
radiators, and circulation coils. 

Cast-iron Radiators. The 
general fonn of a cast-iron sec- 
tional radiator is shown in Fig. 
15. Radiators of this type are 
made up of sections, the number 

depending upon the amount of heating surface required. Fig. 10 
shows an intermediate section of a radiator of this type. 
It is simply a loop with inlet and outlet at the bottom. The 
end scH:*tions are the same, except that they have legs, as shown in 
Fig. 17. These sections are connected at the bottom by special 
nipples, so that steam entering at the end fills the bottom of the 
radiator, and, being lighter than the air, rises through the loops and 
forces the air downward and toward the farther end, where it is dis- 
charged through an air-valve placed about midway of the last section. 
There are many different designs varying in height and width, to 




Fig. 15, 



Common Type of CasMrou 
Sectional Radiator. 
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suit all coiulitions. The wall pattern shown in Fif;. IS is very con- 
venient when it is desireil to place the radiator al)ove the floor, as in 

bathrooms, etc.; it is also a con- 
venient fonn to place under the 
windows of halls and churches 
to counteract the effect of cold 
down drafts. It is adapter! to 
nearly every place where the or- 
dinary direct radiator can be 
used, and may be connected up 
in diffcHMit ways to meet the va- 
rious*^ rt^iuirements. 

A low and moderately shallow 
radiator, with ample space for the 
circulation of air iK'tween the 
M (tions, is more efficient tlian a 
(U'cp radiator with the sections 
closely packi^d together. One- 
and two-column radiators, so 
called, are i)referabl(* to three- 
and four-column, when then^ is sufficient space to use them. 



^ 



Fig. 16. 






IntermetUale and Knd S<'iil«)ii.s of K.adiaior 

Shown in Fig. 1ft. The vju\ .sfcilous 

(at right) have legs. 




Fig. 18. Cast-iron Sectional Radiator of Wall Pattern. 

The standard height of a radiator is 30 or 3S inches, and, if 
possible, it is better not to exceed this. 
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For small radiators, it is better practice to use lower sections and 
increase the length; this makes the radiator slightly more efficient 
and gives a much better appearance. 

To get the best results from wall radiators, they should be set 
out at least H inches from the wall to allow a free circulation of air 
back of them. Patterns having cross-bars should be placed, if 
possible, with the bars in a vertical position, as their efficiency is 
impaired somewhat when placed horizontally. 

Pipe Radiators. This type of radiator (sec Fig. 10) is made up of 
wrought-iron pipes 
screwed into a cast- 
iron base. The 
pipes are either con- 
nected in pairs at 
the- top by return 
bends, or each sep- 
arate tube has a 
thin metal dia- 
phragm passing up 
the center nearly to 
the top. It is nec- 
essary that a loop 
be formed, else a 
**dead end" would 
occur. This would 
become filled with 
air and prevent 
steam from enter- 
ing, thus causing portions of the radiator to remain cold. 

Circulation Coils. These are usually made up of 1 or l|-inch 
wrought-iix)n pipe, and may be hung on the walls of a room by means 
of hook plates, or suspended overhead on hangers and rolls. 

Fig. 20 shows a common form for schoolhouse and similar work; 
this coil is usually made of 1^-inch pipe screwed into headers or 
branch tees at the ends, and is hung on the wall just below the windows. 
This is known as a branch coil. Fig. 21 shows a trombone coil, which 
is commonly used when the pipes cannot turn a comer, and w^here 
the entire coil must be placed upon one side of the room. Fig. 22 




Fig. 10. Wrought-Iron Pipe Radiator. 
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is called a miter coil, and is used under the same conditions as a trom- 
bone coil if there is room for the vertical portion. This form is not 
so pleasing in appearance as either of the other two, and is found only 
in factories or shops, where looks are of minor importance. 




Fig. 20. Common Form of •'Branch" Coil for Circulation of Direct Steam. 

Overhead coils are usually of the miter form, laid on the side and 
suspended about a foot from the ceiling; they are less efficient than 
when placed nearer the floor, as the warm air stays at the ceiling and 
the lower part of the room is likely to remain cold. They are used 




Fig. 21. "Trombone' ' Coll. Used where Entire Coil must be Placed on One Side of Room 

only when wall coils or radiators would be in the way of fixtures, or 
when they would come below the water-line of the boiler if placed 
near the floor. 

WTien steam is first turned on a coil, jt usually passes through a 




Fig. 22. *'Miter"CoIl. Adapted, like the "Trombone,*' Only to a Single Wall, 
l-'requently Used in Factories and Shops. 

portion of the pipes first and heats them while the others remain cold 
and full of air. Therefore the coil must always be made up in such 
a way that each pipe shall have a certain amount of spring and may 
expand independently without bringing undue strains upon the others. 
Circulation coils should incline about 1 inch in 20 feet toward the 
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return end in order to secure proper drainage and quietness of opera- 
tion. 

Efficiency of Radiators. The efficiency of a radiator — ^that is, 
the B. T. U. which it gives off per square foot of surface per hour — 
depends upon the difference in temperature between the steam in the 
radiator and the surrounding air, the velocity of the air over the 
radiator, and the quality of the surface, whether smooth or rough. 
In ordinary low-pressure heating, the first condition is practically 
constant; but the second varies somewhat with the pattern of the 
radiator.^ An open design which allows the air to circulate freely 
over the radiating surfaces, is more efficient than a closed pattern, 
and for this reason a pipe coil is more efficient than a radiator. 

In a large number of tests of cast-iron and pipe radiators, working 
under usual conditions, the heat given off per square foot of surface 
per hour for each degree difference in temperature between the steam 
and surrounding air was found to average about 1 .7 B. T. U. The 
temperature of steam at 3 pounds' pressure is 220 degrees, and 220 — 70 
= 150, which may be taken as the average difference between the 
temperature of the steam and the air of the room, in ordinary low- 
pressure work. Taking the above results, we have 150 X 1 .7 = 255 
B. T. U. as the efficiency of an average cast-iron or pipe radiator. 
This, for convenient use, may be taken as 250. A circulation coil 
mad^ up of pipes from 1 to 2 inches in diameter, will easily give off 
300 B. T. U. under the same conditions; and a cast-iron wall radiator 
with ample space back of it should have an efficiency equal to that 
of a wall coil. While overhead coils have a higher efficiency than 
cast-iron radiators, their position near the ceiling reduces their eflFec- 
tiveness, so that in practice the efficiency should not be taken over 
250 B. T. U. per hour at the most. Tabulating the alx)ve we have: 

TABLE XIII 
Efficiency of Radiators, Colls, etc. 



Type of Radiating Surface Radiation per Square Foot of Surface 

PER Hour 



I 



Cast-iron Sectional and Pipe Radiators 
Wall Radiators 
Ceiling Coils 
Wall Coils 



250 B. T. U. 

300 

200 to 250 " 

300 
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If the radiator is for warming a room which is to be kept at a 
temperature above or below 70 degrees, or if the steam pressure is 
greater than 3 pounds, the radiating surface may be changed in the 
same proportion as the diflFerence in temperature between the steam 
and the air. 

For example, if a room is to be kept at a temperature of 60°, the 
efficiency of the radiator becomes j^JJ X 250 = 268; that is, the 
efficiency varies directly as the difference in temperature between the 
steam and the air of the room. It. is not customary to consider this 
unless the steam pressure should be raised to 10 or 15 pounds or the 
temperature of the rooms changed 15 or 20 degrees from the normal. 

From the above it is easy to compute the size of radiator for any 
given room. First compute the heat loss per hour by conduction and 
leakage in the coldest weather; then divide the result by the effi- 
ciency of the type of radiator to be used. It is customary to make the 
radiators of such size that they will warm the rooms to 70 degrees in 
the coldest weather. As the low-temperature limit varies a good deal 
in different localities, even in the same State, the lowest temperature 
for which we wish to p^-ovide must be settled upon before any calcu- 
lations are made. In New England and through the Middle and 
Western States, it is usual to figure on warming a building to 70 
degrees when the outside temperature is from zero to 10 degrees 
below. 

The different makers of radiators publish in their catalogues, 
tables giving the square feet of heating surface for different styles and 
heights, and these can be used in determining the number of sections 
required for all special cases. 

If pipe coils are to be used, it becomes necessary to reduce square 
feet of heating surface to linear feet of pipe; this can be done by means 
of the factors given below. 



Square foot of lioating surf'ioe X -^ 



3 = linear ft. of 1 -in. pipe 

2.3 = " " 11-in. " 

2 = " " li-in. " 

1.6 = " "2 -in. " 



The size of radiator is made only sufficient to keep the room 
warm after it is once heated; and no allowance is made for warming 
up; that is, the heat given off by the radiator is just equal to that lost 
through walls and windows. This condition is offset in two ways — 
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first, when the room is cold, the diflFerence in temperature between 
the steam and the air of the room is greater, and the radiator is more 
efficient; and second, the radiator is proportioned for the coldest 
weather, so that for a greater part of the time it is larger than neces- 
sary. 

EXAMPLES FOR PRACTICE 

1 . The heat loss from a room is 25,000 B. T. U. pef hdur in 
the coldest weather. What size of direct radiator will be required? 

Ans. 100 square feet. 

2. A schoolroom is to be warmed with circulation coils of 1}- 
inch pipe. The heat loss is 30,000 B. T. U. per hour. What length 
of pipe will be require<l? Ans. 230 linear feet. 

Location of Radiators. Radiators should, if possible, be placed 
in the coldest part of the room, as under windows or near outside 
doors. In living rooms it is often desirable to keep the windows free, 
in which case the radiators may he placed at one side. Circulation 
coils are run along the outside walls of a room under the wltidows. 
Sometimes the position of the radiators is decided by the necessary 
location of the pipe risers, so that a certain amount of judgment must 
be used in each special case as to the best arrangement to suit all 
requiretnents. 

Systems of Piping. There are three distinct systems of piping, 
known as the two-pipe system, the one-pipe relief system, and the one- 
pipe circuit system, with various modifications of each and combina- 
tions of the different systems. 

Fig. 23 shows the arrangement of piping and radiators in the 
two-pipe system. The steam main leads from the top of the boiler, 
and the branches are carried along near the basement ceiling. Risers 
are taken from the supply branches, and carried up to the radiators 
on the different floors; and return pipes are brought down to the 
return mains, which should be placed near the basement floor below 
the water-line of the boiler. Where the building is more than two 
stories high, radiators in similar positions on different floors are con- 
nected with the same riser, which may run to the highest floor; and a 
corresponding return drop connecting with each radiator is carried 
doi^n beside the riser to the basement. A system in which the main 
horizontal returns are below the water-line of the boiler is said to 
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have a wet or sealed return. If the returns are overhead and above the 
water-hue, it is called a dry return. Where the steam is exposed to 
extended surfaces of water, as in overhead returns, w^here the con- 
densation partially fills the pipes, there is likely to be cracking or 
waier-hammer, due to the sudden condensation of the steam as it 
comes in contact with the cooler water. This is especially noticeable 
when steam is first turned into cold pipes and radiators, and the con- 
densation is excessive. When dry returns are used, the pipes should 
be large and have a good pitch toward the boiler. 

In the case of sealed returns, the only contact between the steam 




Fig. 23. Arrangement of Piping and Radiators in •'Two-Pipe" System. 

and standing water is in the vertical returns, where the exposed sur- 
faces are very small (being ec|ual to the sectional area of the pipes), 
and trouble from water-hammer is practically done away with. Dry 
returns should be given an incline of at least 1 inch in 10 feet, while 
for wet returns 1 inch in 20 or even 40 feet is ample. The ends of all 
steam mains and branches should be dripped into the returns. If the 
return is sealed, the drip may be directly connected as shown in Fig. 
24; but if it is dry, the connection should be provided with a siphon 
loop as indicated in Fig. 25. The loop becomes filled with water, 
and prevents steam from flowing directly into the return. As the 
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Fig. 24. 



Drip from Steam Main Connected Directly 
to Sealed Return. 



condensation collects in the loop, it overflows into the return pipe and 
is carried away. The return pipes in this case are of course filled with 
steam above the water; but it is steam which has passed through 
the radiators and their return connections, and is therefore at a 
slightly lower pressure; 
so that, if steam were ad- 
mitted directly from the 
main, it would tend to 
hold back the water in 
more distant returns and 
cause surging and crack- 
ing in the pipes. Some- 
times the boiler is at a 
lower level than the basement in which the returns are run, and it then 
becomes necessary to establish a false water-line. This is done by 
making connections as shown in Fig. 20. 

It is readily seen that the return water, in order to reach the 
boiler, must flow through the trap, which raises the water-line or 
seal to the level shown by the dotted line. The balance pipe is to 
equalize the pressure above and below the water in the trap, and 
prevent siphonic action, which would tend to drain the water out of 
the return mains after a flo^ was once started. 

The balance pipe, when possible, should be 15 or 20 feet in 
length, with a throttle-valve placed near its connection with the 

main. This valve 
should be opened just 
enough to allow the 
steam-pressure to act 
upon the air which oc- 
cupies the space above 
the water in the trap; 
but it should not be 
opened sufficiently to 
allow the steam to 
enter in large volume and drive the air out. The success of this 
arrangement depends upon keeping a layer or cushion of cool air 
next to the surface of the water in the trap, and this is easily done 
by following the method here described. 



St»a»n 
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Fig. 25. Use of Siphon in Connecting Drip from Steam 
Main to a "Dry" Return. 



61 



Digitized by 



Google 



52 



HEATING AND VENTILATION 



Steam Mal-n 



One«=Pipe Relief System. In this system of piping, the radiatofs 
have but a single connection, the steam flowing in and the condOhsa- 
tion draining out through the same pipe. •Fig. 27 shows the method 
of running the pipes for this system. The steam main, as befbre, 
leads from the top of the l)oiler, and is carried to as high a point as the 
basement ceiling will allow; it then slopes downward with a grade 
of about 1 inch in 10 feet, and makes a circuit of the building ot* a 
portion of it. 

Risers are taken from the top and carried to the radiators above, 
as in the two-pipe system; but in this case, the condensation flows 
back through the same pipe, and drains into the return main hear the 

floor through 
drip conhections 
which are made 
at frequent in- 
tervals. In a 
two-story build- 
ing, the lK)ttom 
of each riser to 
the second floor 
is dripped; and 
in larger build- 
ings, it IS cus- 
tomary to drip 
each riser that 
has more than 
one radiator con- 
nected with it. If the radiators are large and at a considerable dis- 
tance from the next riser, it is better to make a drip connection for 
each radiator. When the return main is overhead, the risers should 
be dripped through siphon loops; but the ends of the branches 
should tilake direct connection with the returns. This is the reverse 
of the two-pipe system. In this case the lowest pressure is at the 
ends of the mains, so that steam introduced into the returns at these 
points will cause no trouble in the pipes connecting between these and 
the l)oiler. 

If no steam is allowed to enter the returns, a vacuum will be 
formed, and there will be no pressure to force the water back to the 




Fig. 26. Connections Made to Establish "False" Water-Line 
when Boiler is below Basement LeveL 
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boiler. A check-valve should always be placed in the main return 




Fig. 27. Arrangement of Piping and Radiators in ••One-Pipe Relief" System. 

near the boiler, to prevent the water from flowing out in case of a 
vacuum being formed suddenly in the pipes. 




Fig. 28. Arrangement of Piping and Radiators in "One-Pipe Circuit" System. 

There is but little difference in the cost of the two systems, as 
larger -pipes and valves are reijuircxl for the single-pipe method 
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With radiators of medium size and properly proportioned connections, 
the single-pipe system in preferable, there being but one valve to 
operate and only one-half the number of risers passing through the 
lower rooms. 

One-Pipe Circuit System. In this case, illustrated in Fig. 28, the 
steam main rises to the highest point of the basement, as before; and 
then, with a considerable pitch, makes an entire circuit of the build- 
ing, and again connects with the boiler below the water-line. Single 

I 1 . » J 1 . risers are taken 

* * >!*? 1* H H i l H J from the top ; and 

the condensa- 
tion drains back 
through the 
same pipes, and 
is carried along 
with the flow of 
steam to the ex- 
treme end of the 
main, where it is 
returned to the 
boiler. The 
main is made 
large, and of 
the same size 

throughout its entire length. It must be given a good pitch to insure 
satisfactory results. 

One objection to a single-pipe system is that the steam and return 
water are flowing in opposite directions, and the risers must be made 
of extra large size to prevent any interference. This is overcome in 
large buildings by carrying a single riser to the attic, large enough 
to supply the entire building; then branching and running "drops" 
to the basement. In this system the flow of steam is downward, as 
well as that of water. This method of piping may be used with good 
results in two-pipe systems as well. Care must always be taken that 
no pockets or low points occur in any of the lines of pipe; but if for 
any reason they cannot be avoided, they should be carefully drained. 
A modification of this system, adapting it to large buildings, is 
shown in diagram in Fig. 29. The riser shown in this case is one of 



Sealed Ret vim jg ;* ^^ . 



Fig. 29. **One-Plpd Circuit" System. Adapted to a Large 
Building. 
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several, the number depending upon the size of the building; and 
may be supplied at either bottom or top as most desirable. If steam 
is supplied at the bottom of the riser, as shown in the cut, all of the 
drip connections with the return drop, except the upper one, should 




Pig. 30. •'Two-Pip6" Connection of Radia* 
tor to Riser and Return. 



Pig. 31 




"One-Pipe" Connection of Radia- 
tor to Basement Main. 



be sealed with either a siphon loop or a check-valve, to prevent the 
steam from short-circuiting and holding back the condensation in the 
returns above. If an overhead supply is used, the arrangement 
should be the reverse; that is, all return connections should be sealed 
except the lowest. 

Sometimes a separate drip is carried down from each set of 
radiators, as shown on the lower story, being connected with the 
main return below the water-line of the 
boiler. In case this is done, it is well to 
provide a check-valve in each drip below 
the water-line. 

In buildings of any considerable size, 
it is well to divide the piping system into 
sections by means of valves placed in the 
corresponding supply and return branches. 
These are for use in case of a break in 
any part of the system, so that it will be 
necessary to shut off only a small part of 
the heating system during repairs.* In tall buildings, it is customary 
to place valves at the top and bottom of each riser, for the same 
purpose. 

Radiator Connections. Figs. 30, 31, and 32 show the common 




Pig. 8S. ••One-Pipe" Connection 
of Radiator to Riser. 
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methods of making connections between supply pipes and radiators. 
Fig. 30 shows a two-pipe connection with a riser; the return is carried 
down to the main below. Fig. 31 shows a single-pipe connection 
with a basement main ; and Fig. 32, a single connection with a riser. 

Care must always be taken to make the horizontal part of the 
piping between the radiator and riser as short as possible, and to give 
it a good pitch toward the riser. There are various ways of making 
these connections, especially suited to different conditions; but the 
examples given serve to show the general principle to be followed. 

Figs. 20, 21, and 22 show the common methods of making steam 
and return connections with circulation coils. The position of the 
air-valve is shown in each case. 

Expansion of Pipes. Cold steam pipes expand approximately 



Q 



C 



Q 



B 



Pig. 33. 



Klevatlon and Plan of Swivel- Joint ta Counteract Effects of Expanhion and 
Contraction in X'ipes. 



1 inch in each 100 feet in length when low-pressure steam is turned 
into them; so that, in laying out a system of piping, we must arrange 
it in such «. manner that there will be sufficient **spring" or "give" to 
the pipes to prevent injurious strains. This is done by means of off- 
sets and bends. In the case of larger pipes this simple method will 
not be sufficient, and swivel or slip joints must be used to take up the 
expansion. 

The method of making up a swivel-joint is shown in Fig. 33. 
Any lengthening of the pipe A will be taken up by slight turning or 
swivel movements at the i)oints B and C. A slip-joint is shown in 
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Fig. 34. The part c slides inside the shell d, and is made 
tight by a stuffing-box, as shown. The pipes are connected 
flanges A and B. 

When pipes M C^ 

pass through ^^^^^y^.iuyy/y^^^^ 

floors or parti- 
tions, the wood- 
work should be 
protected by gal- 



steam- 
at the 




Fig. 84. 



'Slip-Joint" Connection to Take Care of Expansion 
and Contraction of Pipes. 



vanized-iron 

sleeves having a 

diameter from J to 1 inch greater than the pipe. Fig. 35 shows a 

form of adjustable floor-sleeve 
which may be lengthened or 
shortened to conform to the 
thickness of floor or partition. 
If plain sleeves are used, a 
plate should be placed around 





Fig. 85. Adjustable Metal Sleeve for Carrying 
Pil)e through Floor or Partition. 



Fig- 36. Floor-Plate Adjusted to Plain 

Sleeve for Carrying Pipe through 

Floor or Partition. 



the pipe where it passes through the floor or partition. These are 






Tig. 87. Angle Valve. 



Fig. 88. Offset Valve. 
Valves for Eadiator Connections. 



Fig. 80. Comer Valve. 



made in two parts so that they may be put in place after the pipe is 
hung. A plate of this kind is shown in Fig. 36. 
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Valves* The different styles commonly used for radiator con- 
nections are shown in Figs. 37, 38, and 39, and are known as angle, 
offset, and comer valves, respectively. The first is used when the 
radiator is at the top of a riser or when the connections are like those 
shown in Figs. 30, 31, and 32; the second is used when the connection 




Fig. 40. Indicating Effect of Using Globe Valve on Horizontal Steam Supply 
Pipe or Dry Return. 

between the riser and radiator is above the floor; and the third, when 
the radiator has to be set close in the comer of a room and there is not 
space for the usual connection. 

A globe valve should never be used in a horizontal steam supply 
or dry return. The reason for this is plainly 
shown in Fig. 40. In order for water to flow 
tlirough the valve, it must rise to a height 
shown by the dotted line, which would half 
fill the pipes, and cause serious trouble from 
water-hammer. The gate valve shown in 
Fig. 41 does not have this undesirable fea- 
ture, as the opening is on a level with the 
bottom of the pipe. 



r\ 





Fig. 41. Gate Valve. 



\y 



Fig. 42. Simplest Form of Air- Valve. Operated by Hand. 



Aii^Valves. Valves of various kinds are used fey freeing the 
ra^liators from air when steam is turned on. Fig. 42 shows the 
simplest form, which is operated by hand. Fig. 43 is a type of auto- 
matic valve, consisting of a shell, which is attached to the radiator. 
If 's a small opening which may be closed by the spindle C, which 
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is provided with a conical end. D is a strip composed of a layer of 
iron or steel and one of brass soldered or brazed together. The 
action of the valve is as follows : 
when the radiator is cold and filled 
with air the valve stands as shown 
in the cut. When steam is tume J 
on, the air is driven out through 
the opening B. As soon as this 
is expelled and steam strikes the 
strip 2), the two prongs spring 
apart owing to the unequal ex- 
pansion of the two metals due to 
the heat of the steam. This 
raises the spindle C, and closes 
the opening so that no steam can 
escape. If air should collect in 
the valve, and the metal strip 
become cool, it would contract, 
and the spindle would drop and 
allow the air to escape through B 
as before. E is an adjusting nut. F is a float attached to the spindle, 
and is supposed, in case of a sudden rush 
of water with the air, to rise and close the 
opening; this action, however, is some- 
what uncertain, especially if the pressure 
of water continues for some time. 

There are other types of valves acting 
on the same principle. The valve shown 




Pig. 48. Radiator Automatic Air- Valve. 

Operated by Metal Strip D, Consisting 

of Two Pieces of Metal of Unequal 

Expansive Power. 




Monft^^ No, 1 



Pig. 44. Automatic Air- Valve. Closed by Expansion 
of a Piece of Vulcanite. 




Fig. 45. Automatio Air- Valve, 
operated by Expansion of 
Drum C7Due to Vaporiza- 
tion of Alcohol with 
which it is Partly 
Filled. 



in Fig. 44 is closed by the expansion of a piece of vulcanite instead 
of a metal strip, and has no water float. 
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The valve shown in Fig. 45 acts on a somewhat different prin- 
ciple. The float C is made of thin brass, closed at top and bottom, 
and is partially filled with wood alcohol. When steam strikes the 
float, the alcohol is vaporized, and creates a pressure sufficient to 
bulge out the ends slightly, which raises the spindle and closes the 
opening B. 

Fig. 46 shows a form of so-called vacuum valve. It acts in a 
similar manner to those already described, but has in addition a 
ball check which prevents the air from being 
drawn into the radiator, should the steam go 
down and a vacuum be formed. If a partial 
vacuum exists in the boiler and radiators, the 
boiling point, and consequently the tempera- 
ture of the steam, are lowered, and less heat is 
given off by the radiators. This method of 
operating a heating plant is sometimes advo- 
cated for spring and fall, when little heat is re^ 
quired, and when steam under pressure would 
.overheat the rooms. 

Pipe Sizes. The proportioning of the steam 
pipes in a heating plant is of the greatest im- 
portance, and should be carefully worked out 
by methods which experience has proved to be 
correct. There are several ways of doing this; 
but for ordinary conditions, Tables XIV, XV, 
and XVI have given excellent results in actual practice. They 
have been computed from what is known as D'Arcy's formula, with 
suitable corrections made for actual working conditions. As the 
computations are somewhat complicated, only the results will be given 
here, with full directions for their proper use. 

Table XIV gives the flow of steam in pounds per minute for 
pipes of different diameters and with varying drops in pressure be- 
tween the supply and discharge ends of the pipe. These quantities 
are for pipes 100 feet in length; for other lengths the results must be 
corrected by the factors given in Table XVI. As the length of pipe 
increases, friction becomes greater, and the quantity of steam dis- 
charged in a given time is diminished. 

Table XIV is computed on the assumption that the drop in 




Fig. 46. Vacuum Valve. 
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TABLE XIV 
Flow of Steam in Pipes of Various Sizes, wltli Various Drops in Pres- 
sure between Supply and !>iscliarge Ends 

Calculated for 100-Foot Lengths of Pipe 



■ H 


Drop in Pressurr (Pounds) 


S^ 


H 


^ 


.78 


1 


IH 


2 


3 


4 


5 


1 


.44 


.63 


91 


1.13 


1.31 


1.66 


1.97 


2.26 


IW 


.81 


1.16 


1.43 


1.66 


2.05 


2.39 


3.02 


3.69 


4.12 


IH 


1.06 


1.89 


2.34 


2.71 


3.36 


3.92 


4.94 


5.88 


6.75 


2 


2.93 


4.17 


5.16 


6.99 


7.43 


8.65 


10.9 


13.0 


14.9 


2^ 


6.29 


7.52 


9.32 


10.8 


13.4 


15.6 


19.7 


23.4 


^6.9 


3 


8.61 


12.3 


16.2 


17.6 


2i.a 


25.4 


32 


31.8 


43.7 


3H 


12.9 


18.3 


22.6 


26.3 


32.6 


37.9 


47.8 


66.9 


65.3 


4 


18 1 


25.7 


31.8 


36.9 


45.8 


63.3 


67.2 


80.1 


91.9 


5 


32.2 


45.7 


56.6 


65.7 


81.3 


94.7 


120 


142 


163 


6 


61.7 


73.3 


90.9 


106 


131 


152 


192 


229 


262 


7 


76.7 


109 


135 


157 


194 


226 


285 


339 


390 


8 


108 


154 


190 


222 


274 


319 


402 


478 


549 


D 


147 


209 


2.58 


299 


371 


432 


545 


649 


745 


10 


102 


273 


339 


393 


487 


567 


715 


852 


977 


12 


305 


434 


537 


623 


771 


899 


1,130 


1.350 


1,550 


15 


535 


761 


Q42 


1,090 


1,350 


1,580 


1,990 


2,370 . 


2.720 



pressure between the two ends of the pipe equals the initial pressure. 
If the drop in pressure is less than the initial pressure, the actual 
discharge will be slightly greater than the quantities given in the table; 

TABLE XV 
Factors for Calculating Flow of Steam in Pipes under initial Pres- 
sures above Five Pounds 

To be used in connection with Table XIV 



Drop in 

Pressure 
IN Pounds 



Initial Pressure (Pounds) 



10 



1.27 
1.28 
1.24 
1.21 
1.17 
1.14 
1.12 



20 



1.49 
1.48 
1.46 
1.41 
1.37 
1.34 
1.31 



30 



40 



60 



80 



1.68 
1.66 
1.64 
1.59 
1.55 
1.51 
1.47 



1.84 


2.13 


1.8a 


2.11 


1.80 


2.08 


1.75 


2.02 


1.70 


1.97 


1.66 


1.92 


1.62 


1.87 



38 
36 
32 
26 
20 
14 



2.09 



but this difference will be small for pressures up to 5 pounds, and may 
be neglected, as it is on the side of safety. For higher initial pressures. 
Table XV has been prepared. This is to be used in connection with 
Table XIV as follows: First find from Table XIV the quantity of 
Bteam which will be discharged through the given diameter of pipe 
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TABLE XVI 
Factors for Calculating Flow of Steam in Pipes of Other Lengths 

than 100 Feet 



Feet 


Factor 


Feet 


Factor 


Feet 


Factor 


Feet 


Factor 


10 


3.16 


120 


.91 


275 


.60 


600 


.40 


20 


2.24 


130 


.87 


300 


.57 


650 


.39 


30 


1.82 


140 


.84 


325 


.55 


700 


.37 


40 


1.58 


150 


.81 


350 


.53 


750 


.36 


50 


1.41 


160 


.79 


375 


.51 


800 


.35 


60 


1.29 


170 


.76 


400 


.50 


850 


.34 


70 


1.20 


180 


.74 


425 


.48 


900 


.33 


80 


1.12 


190 


.72 


450 


.47 


950 


.32 


90 


1.05 


200 


.70 


475 


.46 


1,000 


.31 


100 


1.00 


225 


.66 


500 


.45 






110 


.95 


250 


.63 


550 


.42 







with the assumed drop in pressure; then look in Table XV for the 
factor corresponding with the assumed drop and the higher initial 
pressure to be used. The quantity given in Table XIV, midtiplied 
by this factor, will give the actual capacity of the pipe under the given 
conditions. 

Example — What weight of steam will be discharged through a 3-inch 
pipe 100 feet long, with an initial pressure of 60 pounds and a drop of 2 pounds? 

Looking in Table XIV, we find that a 3-inch pipe will dis- 
charge 25 . 4 pounds of steam per minute with a 2-pound drop. Then 
looking in Table XV, we find the factor corresponding to 60 pounds 
initial pressure and a drop of 2 pounds to be 2.02. Then according 
to the rule given, 25.4 X 2.02 = 51 .3 pounds, which is the capacity 
of a 3-inch pipe under the assumed conditions. 

Sometimes the problem will be presented in the following way: 
What size of pipe will be required to deliver 80 pounds of steam a 
distance of 100 feet with an initial pressure of 40 pounds and a drop 
of 3 pounds? 

We have seen that the higher the initial pressure with a given 
drop, the greater will be the quantity of steam discharged; therefore 
a smaller pipe will be required to deliver 80 pounds of steam at 40 
pounds than at 3 pounds initial pressure From Table XV, we find 
that a given pipe will discharge 1 .7 times as much steam per minute 
with a pressure of 40 pounds and a drop of 3 pounds, as it would with 
a pressure of 3 pounds, dropping to zero. From this it is evident 
that if we divide 80 by 1 .7 and look in Table XR^ under "3 pounds 
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drop" for the result thus obtained, the size of pipe corresponding will 

be that required. Now, 80 -^ 1 .7 = 47. The nearest number in the 

table marked "3 pounds drop" is 47.8, which corresponds to a 3i- 

inch pipe, which is the size required. 

These conditions will seldom be met with in low-pressure heating, 

but apply more particularly to combination power and heating plants, 

and will be taken up more fully under that head. For lengths of 

pipe other than 100 feet, multiply the quantities given in Table XIV 

by the factors found in Table XVI. 

Example — What weight of steam will be discharged per mitaute through 
a 3}-inch pipe 450 feet long, with a pressure of 5 pounds and a drop of J pound? 

Table XIV, which may be used for all pressures below 10 pounds, 
gives for a 3 Much pipe 100 feet long, a capacity of 18.3 pounds for 
the above conditions. Looking in Table XVI, we find the correction 
factor for 450 feet to be .47. Then 18.3 X .47 = 8.6 pounds, the 
quantity of steam which will be discharged if the pipe is 450 feet 
long. 

Examples involving the use of Tables XIV, XV, and XVI in 
combination, are quite common in practice. The following example 
will show the method of calculation : 

What size of pipe will be required to deliver 90 pounds of steam per 
minute a distance of 800 feet, with an initial pressure of 80 pounds and a drop 
of 5 pounds? 

Table XVI gives the factor for 800 feet as .35, and Table XV, 

that for 80 pounds pressure and 5 pounds drop, as 2.09. Then 

90 
— - — --— • = 123, which is the equivalent quantity we must look 

for in Table XIV. We find that a 4-inch pipe will drscharge 91.9 
pounds, and a 5-inch pipe 163 poundsf A 4J-inch pipe is not com- 
monly carried in stock, and we should probably use a 5-inch in this 
case, unless it was decided to use a 4-inch and allow a slightly greater 
drop in pressure. In ordinary heating work, with pressures varying 
from 2 to 5 pounds, a drop of J pound in 100 feet has been found to 
give satiafactory results. 

In computing the pipe sizes for a heating system by the above 
methods, it would be a long process to work out the size of each 
branch separately. Accordingly Table XVII has been prepared for 
ready use in low-pressure work. 
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As most direct heating systems, and especially those in school- 
houses, are made up of both radiators and circulation coils, an effi- 
ciency of 300 B. T. U. has been taken for direct radiation of whatever 
variety, no distinction being made between the different kinds. This 
gives a slightly larger pipe than is necessary for cast-iron radiators; 
but it is probably offset by bends in the pipes, and in any case gives a 
slight factor of safety. We find from a steam table that the latent 
heat of steam at 20 pounds above a vacuum (which corresponds to 
5 pounds' gauge-pressure) is 954 + B. T. U. — ^which tneans that, for 
every pound of steam condensed in a radiator, 954 B. T. U. are given 
off for warming the air of the room. If a radiator has an efficiency 
of 300 B. T. U., then each square foot of surface will condense 300 -^ 
954 = .314 pound of steam per hour; so that we may assume in 
round numbers a condensation of J of a pound of steam per hour for 
each square foot of direct radiation, when computing the sizes of 
steam pipes in low-pressure heating. Table XVII has been calculated 
on this assumption, and gives the square feet of heating surface 

TABLE XVII ' 
Helitinf Surface Supplied by Pipes of Various 5lzes 
Length of Pipe, 100 Feet 





Square Feet op 


Ieatino Surface 


Size op Pipe 






i Pound Drop 


i Pound Drop 


1 


80 


114 


H 


145 


210 


li 


190 


340 


. 2 


525 


750 


2i 


950 


1,350 


3 


1,550 


2,210 


3J 


• 2,320 


3,290 


4 


3,250 


4.620 


5 


5,800 


8,220 


6 


9,320 


13,200 


7 


13,800 


19,020 


8 


19,440 


27,720 



which different sizes of pipe will supply, with drops in pressure of 
J and ^ pounds in each 100 feet of pipe. The former should be used 
for pressures from 1 to 6 pounds, and the latter may be used for 
pressures over 5 pounds, under ordinary conditions. The sizes of 
long mains and special pipes of large size should be proportioned 
directly from Tables XIV, XV, and XVI. 



74 



Digitized by 



Google 



Digitized by 



Google 




"% 



CONE EXHAUST FAN, INLET SIDE. 

American Blower Co. 



Digitized by 



Google 



HEATING AND VENTILATION 



65 



Where the two-pipe system is used and the radiators have sepa- 
rate supply and return pipes, the risers or vertical pipes may be taken 
from Table XVII; but if the single-pipe system is used, the risers 
must be increased in size, as the steam and water are flowing in oppo- 
site directions and must have plenty of room to pass each other. It 
is customary in this case to base the computation on the velocity of 
the steam in the pipes, rather than on the drop in pressure. Assum- 
ing, as before, a condensation of one-third of a pound of steam per 
hour per square foot of radiation. Tables XVIII and XIX have been 
prepared for velocities of 10 and 15 feet per second. The sizes given 
in Table XIX have been found sufficient in most cases; but the larger 
sizes, based on a flow of 10 feet per second, give greater safety and 
should be more generally used. The size of the largest riser should 
usually be limited to 2^ inches in school and dwelling-house work, 
unless it is a special pipe carried up in a concealed position. If the 
length of riser is short between the lowest radiator and the main, a 
higher velocity of 20 feet or more may be allowed through this por- 
tion, rather than make the pipe excessively large. 



TABLE XVIII 


TABLE XIX 


Radiating Surface Supplied by Steam Risers 


10 Feet per Second Velocitt 


15 Feet per Second Velocity 


Size of Pipe 


Sq. Feet of Radiation 


Size of Pipe 


Sq. Feet of Radiation 


1 in. 


30 


1 in. 


50 


li " 


60 


li " 


90 


H " 


80 


li " 


120 


2 " 


130 


2 " 


200 


2i " 


190 


2i " 


290 


3 " 


290 


3 " 


340 


3i " 


390 


3i " 


590 



EXAMPLES FOR PRACTICE 

1. How many pounds of steam will be delivered per minute, 
through a 3i-inch pipe 600 feet long, with an initial pressure of 5 
pounds and a drop of ^ pound? Ans. 7.32 pounds. 

2. What size pipe will be required to deliver 25.52 pounds 
of steam per minute with an initial pressure of 3 pounds and a drop 
of J pound, the length of the pipe being 50 feet? Ans. 4-inch. 

3. Compute the size of pipe required to supply 10,000 square 
feet of direct radiation (assume J of a pound of steam per square 
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foot per hour) where the distance to the boiler house is 300 feet, and 
the pressure carried is 10 pounds, allowing a' drop in pressure of 
4 pounds. Ans. 5-inch (this is slightly larger than is required, while 
a 4-inch is much too small). 

TABLE XX 
Sizes of Returns for Steam Pipes (in Inches) 



DiAMKTKn OK Steam Pipk 


DlAMRTER OF DhY ReTURN 


Diameter of Sealed Return 


1 


1 


i 


1 


1 


1 


1 


u 


1 


2 


li 


1 


2} 


2 


1 


3 


2i 


2 


3i 


2J 


2 


4 


3 


2i 


5 


3 


2J 


6 


3J 


3 


7 


3J 


3 


8 


4 


3i 


9 


5 


3i 


10 


5 


4 


12 


6 


5 



Returns. The size of return pipes is usually a matter of custom 
and judgment rather than computation. It is a common rule among 
steamfitters to make the returns one size smaller than the corre- 
sponding steam pipes. This is a good rule for the smaller sizes, but 
gives a larger return than is necessary for the larger sizes of pipe. 
Table XX gives different sizes of steam pipes with the corresponding 
diameters for dry and sealed returns. 

TABLE XXI 
Pipe Sizes for Radiator Connections 



Square Feet of Radiation 


Steam 


• 

Retubn 


IVo-Pipe 


10 to 30 
30 to 48 
48 to 96 
96 to 150 


} inch 
1 " 

H " 
li " 


finch 

i " 
1 " 
li " 


Single-Pipe 


10 to 24 
24 to 60 
60 to 80 
80 to 130 


1 inch 

2 " 
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The length of run and number of turns in a return pipe should 
be noted, and any unusual conditions provided for. Where the 
condensation is discharged through a trap into a lower pressure, the 
sizes given may be slightly reduced, especially among the larger 
sizes, depending upon the differences in pressure. 

Radiators are usually tapped for pipe connections as shown in 
Table XXI, and these sizes may be 
used for the connections' with the 
mains or risers. 

Boiler Connections. The steam 
main should be connected to the 
rear nozzle, if a tubular boiler is 
used, as the boiling of the water is 
less violent at this point and dryer 
steam will be obtained. The shut- 
off xvalve should be placed in such a position that pockets for the 
accumulation of condensation will be avoided. Fig. 47 shows a good 
position for the valve. 

The size of steam connection may be computed by means of the 
methods already given, if desired. But for convenience the sizes 
given in Table XXII may be used with satisfactory results for the 
short runs between the boilers and main header. 




Fig 47. Good Position for Bhut-Off 
Valve. 



TABLE XXII 
Pipe Sizes from Boiler to Main Header 



DlAMETCR OF 


Boiler 


Size of Steam Pipe 


36 inches 


3 inches 


42 


tt ' 


4 




48 


a 


4 




54 


tt 


5 




60 


tt 


5 




66 


tt 


6 


*• \ 


72 


tt 


6 





The return connection is made through the blow-off pipe, and 
should be arranged so that the boiler can be blown off without draining 
the returns. A check-valve should be placed in the main return, and 
a plug-cock in the blow-off pipe. Fig. 48 shows in plan a good 
arrangement for these connections. 
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The feed connections, with the exception of that part exposed 
in the smoke-bonnet, are always made of brass in the best class of 
work. The small section referred to should be of extra heavy wrought 
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Pig. 48. A Good Arrangement of Return and Blow-Off Connections. 

iron. The branch to each boiler should be provided with a gate 
or globe valve and a check-valve, the former being placed next to the 
boiler. 

Table XXIII gives suitable sizes for return, blow-off, and feed 
pipes for boilers of different diameters. 

TABLE XXIII 
Sizes for Return, Blow-Off,-and Feed Pipes 



DiA METER OF BoiLER 


Size ok Pipe 
FOR Gravity Return 


Size of Blow-Off 
Pipe 


Size of Frkd Pipe 


36 inches 


IJ inches 


1} inches 


1 inch 


42 " 


2 


IJ " 


1 " 


48 " 


2 


li •' 


1 


54 " 


2J " 


2 " 


U " 


60 " 


% " 


2 


U " 


66 " 


3 " 


2i " 


li " 


72 " 


3 " • 


2i " 


IJ " 



Blow^)ff Tank. Where the blow-off pipe connects with a 
sewer, some means must be provided for cooling the water, or the 
expansion and contraction caused by the hot water flowing through 
the drain-pipes will start the joints and cause leaks. For this reason 
it is customary to pass the water through a blow-off tank. A form 
of wrought-iron tank is shown in Fig. 49. It consists of a receiver 
supported on cast-iron cradles. The tank ordinarily stands nearly 
full of cold water. 

The pipe from the boiler enters al)ove the water-line, and the 
sewer connection leads from near the bottom, as shown. A vapor 
pipe is carried from the top of the tank above the roof of the building. 
When water from the boiler is blown into the tank, cold water from 
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the bottom flows into the sewer, and the steam is carried off through 
the vapor pipe. The equalizing pipe is to prevent any siphon action 
which might draw the water out of the tank after a flow is once started. 
As only a part of the water is blown out of a boiler at one time, the 
blow-off tank can be of a comparatively small size. A tank 24 by 48 
inches should be large enough for boilers up to 48 inches in diameter; 
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Fig. 49. Connections of Blow-Ofl Tank. 

and one 36 by 72 inches should care for a boiler 72 inches in diameter. 
If smaller quantities of water are blown off at one time, smaller tanks 
can be used. The sizes given above are sufficient for batteries of 2 or 
more boilers, as one boiler can be blown off and the water allowed to 
cool before a second one is blown off. Cast-iron tanks are oftert 
used in place of wrought-iron, and these may be sunk in the ground 
if desired. 
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PART II 



INDIRECT STEAM HEATING 

As already stated, in the indirect method of steam heating, a 
special form of heater is placed beneath the floor, and encased in 
galvanized iron or in brickwork. A cold-air box is connected with 
the space beneath the heater; and warm-air pipes at the top are 
connected with registers in the floors or walls as already described for 
furnaces. A separate heater may be provided for each register if the 
rooms are large, or two or more registers may be connected with the 
same heater if the horizontal runs of pipe are short. Fig. 50 shows 
a section through a heater arranged for introducing hot air into a 
room through a floor register; and Fig. 51 shows the same type of 
heater connected with a wall registei^. The cold-air box is seen at 
the bottom of the casing; and the air, in passing through the spaces 
between the sections of the heater, becomes warmed, and rises to the 
rooms above. 

Different forms of indirect heaters are shown in Figs. 52 and 53. 
Several sections con- 
nected in a single group 
are called a stack. Some- 
times the stacks are en- 
cased in brickwork built 
up from the basement 
floor, instead of in gal- 
vanized iron as shown in 
the cuts. This method 
of heating provides fresh 
air for ventilation, and for 
this reason is especially 

adapted for schoolhouses, hospitals, churches, . etc. As 
pared with furnace heating, it has the advantage of being less 
aflfected by outside wind-pressure, as long runs of horizontal pipe 




Fig. 60. Steam Heater Placed under Floor Register 
—Indirect System. 
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are avoided and the heaters can be placed near the registers. In a 
large building where several furnaces would be required, a single 

^ boiler can be used, and the num- 

ber of stacks increased to suit 
the existing conditions, thus 
making it necessary to run but 
a single fire. Another advan- 
tage is the large ratio between 
the heating and grate surface 
as compared with a furnace; 
and as a result, a large quan- 
tity of air is warmed to a mod- 
erate temperature, in place of 
a smaller quantity heated to a 
much higher temperature. 
This gives a more agreeable 
quality to the air, and renders 
it less dry. Direct and indi- 
rect systems are often com- 
bined, thus providing the liv- 
ing rooms with ventilation, while the hallways, corridors, etc., have 
only direct radiators for warming. 

Types of Heaters. Various forms of indirect radiators are shown 
in Figs. 52, 53, 54, and 56. A hot-water radiator may be used for 
steam; but a steam radiator cannot always be used for hot water, at 




Fig. 51. 



Steam Healer Connected to Wall Reg- 
ister.— Indirect System. 




Fig. 52. One Form of Indirect Steam or Hot-Water Heater. 

it mu.st. be especially designed to produce a continuous flow of water 
through it from top to bottom. Figs. 54 and 55 show the outside 
and the interior construction of a common pattern of indirect radiator 
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designed especially for steam. The arrows in Fig. 55 indicate the 
path of the steam through the radiator, which is supplied at the right, 
while the return connection is at the left. The air-valve in this case 
should be connected in the end of the last section near the return. 




Fig. 53. Anotlier Form of Indirect Steam or Hot* Water Heater. 

A very efficient form of radiator, and one that is especially adapted 
to the warming of large volumes of air, as in schoolhouse work, is 
shown in Fig. 56, and is known as the School pin radiator. This can 
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Fig. 54. Exterior View of a Ck)mmon Type of Radiator for Indirect-Steam Heating. 

be used for either steam or hot water, as there is a continuous passage 
downward from the supply connection at the top to the return at the 
bottom. These sections or slabs are made up in stacks after the 




Fig. 55. Interior Mechanism of Radiator Shown in Fig. 54. 

manner shown in Fig. 57, which represents an end view of several 
sections connected together with special nipples. 

A very eflBcient form of indirect heater may be made up of 
wrought-iron pipe joined together with branch tees and return bends. 
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A heater like that shown in Fig. 58 is known as a box coiL Its effi- 
ciency is increased if the pipes are staggered — that is, if the pipes in 
ahemate rows are placed over the spaces between those in the row 
below. 

Efficiency of Heaters. The eflBciency of an indirect heater 




Fig. 66. "School Pin" Radiator. Especially Adapted for Warming Large Volumes of 
Air by Either Steam or Hot Water. 



depends upon its form, the difference in temperature between the 
steam and the surrounding air, and the velocity with which the air 
passes over the heater. Under ordinary conditions in dwelling-house 
work, a good form of indirect radiator will give off about 2 B. T. U. 
per square foot per hour for 
each degree difference in tem- 
perature between the steam 
and the entering air. Assum- 
ing a steam pressure of 2 
pounds and an outside tem- 
perature of zero, we should 
have a difference in tempera- 
ture of about 220 degrees, 
which, under the conditions 
stated, would give an efficiency 
of 220 X 2 = 440 B. T. U. 
per hour for each square foot 
of radiation. By making a similar computation for 10 degrees be- 
low zero, we find the efficiency to be 460. In the same manner we 
may calculate the efficiency for varying conditions of steam pressure 
and outside temperature. In the case of schoolhouses and similar 
buildings where large volumes of air are warmed to a moderate tem- 




Fig. 57. End View of Several "School Pin" 
Radiator Sections Connected Together. 
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perature, a somewhat higher efficiency is obtained, owing to the in- 
creased velocity of the air over the heaters. Where efficiencies of 440 
and 460 are used for dwelKngs, we may substitute 600 and 620 for 
schoolhouses. This corresponds approximately to 2.7 B. T. U. per 
square foot per hour for a difference of 1 degree between the air and 
steam. 

The principles involved in indirect steam heating are similar 
to those already described in furnace heating. Part of the heat given 
off by the radiator must be used in warming up the air-supply to the 
temperature of the room, and part for offsetting the loss by conduction 
through walls and windows. The method of computing the heating 
surface required, depends upon the volume of air to be supplied to the 
room. In the case of a schoolroom or hall, where the air quantity 
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Pig. 68. "Box Coll," Built Up of Wrought-Iron Pipe, for Indirect- Steam Heating. 

is large as compared with the exposed wall and window surface, we 
should proceed as follows: 

First compute the B. T. U. required for loss by conduction 
through walls and windows; and to this, add the B. T. U. required 
for the necessary ventilation; and divide the sum by the efficiency 
of the radiators. An example will make this clear. 

Example. How many square feet of indirect radiation will be required 
to warm and ventilate a schoolroom in zero weather, where the heat loss by 
conduction through walls and windows is 36,000 B. T. U., and the air-supplv 
is 100,000 cubic feet per hour? 

By the methods given under **Heat for Ventilation,'* we have 



100,0 00 X 70 
55 



X 127,272 = B. T. U. required for ventilation. 



36,000 + 127,272 = 163,272 B. T. U. = Total heat required. 
This in turn divided by 600 (the efficiency of indirect radiators 
under these conditions) gives 272 square feet of surface required. 
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In the case of a dwelling-house the conditions are somewhat 
changed, for a room having a comparatively large exposure will have 
perhaps only 2 or 3 occupants, so that, if the small air-quantity neces- 
sary in this case were used to convey the required amount of heat 
to the room, it would have to be raised to an excessively high temper- 
ature. It has been found by experience that the radiating surface 
necessary for indirect heating is about 50 per cent greater than that 
required for direct heating. ' So for this work we may compute the 
surface required for direct radiation, and multiply the result by 1.5. 

Buildings like hospitals are in a class between dwellings and 
schoolhouses. The air-supply is based on the number of occupants, 
as in schools, but other conditions conform more nearly to dwelling- 
houses. 

To obtain the radiating surface for buildings of this class, we 
compute the total heat required for warming and ventilation as in 
the case of schoolhouses, and divide the sum by the eflBciencies given 
for dwellings — that is, 440 for zero weather, and 460 for 10 degrees 
below. 

Example, A hospital ward requires 50,000 cubic feet of air per hour for 
ventilation; and the heat loss by conduction through walls, etc., is 100,000 
B. T. U. per hour. How many square feet of indirect radiation will be required 
to warm the ward in zero weather? 

50,000 X 70 -V- 55 = 63,636 B. T. U. for ventilation; then, 

63,636 + 100,000 ^^^ ^ . ^ 

— - — — = 372 + square feet. 

440 

EXAMPLES FOR PRACTICE 

1. A schoolroom having 40 pupils is to be warmed 'and venti- 
lated when it is 10 degrees below zero. If the heat loss by conduction 
is 30,000 B. T. U. per hour, and the air supply is to be 40 cubic feet 
per minute per pupil, how many square feet of indirect radiation will 
be required? Axs. 273. 

2. A contagious ward in a hospital has 10 beds, requiring 6,000 
cubic feet of air each, per hour. The heat loss by conduction in zero 
weather is 80,000 B. T. U. How many square feet of indirect radia- 
tion will be required? Ans. 355. 

3. The heat loss from a sitting room is 11,250 B. T. U. per 
hour in zero weather. How many square feet of indirect radiation 
will be required to warm it? Ans, 75. 
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Stacks and Casings. It has already been stated that a group of 
3iections connected together is called a stack, and examples of these 
with their casings are shown in Figs. 50 and 51. The casings are 
usually made of galvanized iron, and are made up in sections by 
means of small bolts so that they may be taken apart in case it is 
necessary to make repairs. I^arge stacks are often enclosed in brick- 
work, the sides consisting of 8-inch walls, and the top being covered 
over with a layer of brick and mortar supported on light wrought-iron 
tee-bars. Blocks of asbestos are sometimes used for covering, instead 
of brick, the whole being covered over with plastic material of the 
same kind. 

Where a single stack supplies several flues or registers, the 
connections between these and the warm-air chamber are made in 
the same manner as already described for furnace heating. When 
galvanized-iron casings are used, the heater is supported by hangers 
from the floor above. Fig. 
59 shows the method of ^^^ 
hanging a heater from a ^ORCV^ 
wooden floor. If the floor 
is of fireproof construc- 
tion, the hangersmaypass 
up through the brick- 
work, and the ends be 
provided with nuts and large washers or plates ; or they may be clamped 
to the iron beams which carry the floor. Where brick casings are 
used, the heaters are supported upon pieces of pipe or light I-beams 
built into the walls. 

The warm-air space above the heater should never be less than 
8 inches, while 12 inches is preferable for heaters of large size. The 
cold-air space may be an inch or two less; but if there is plenty of 
room, it is good practice to make it the same as the space above. 

Dampers. The general arrangement of a galvanized-iron casing 
and mixing damper is shown in Fig. 60. The cold-air duct is brought 
along the basement ceiling from the inlet window, and connects 
with the cold-air chamber beneath the heater. The entering air passes 
up between the sections, and rises through the register above, as shown 
by the arrows. When the mixing damper is in its lowest position, 
all air reaching the register must pass through the heater; but if the 
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Fig. 50. Method of Hanging a Heater below a Wooden 
Floor. 
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damper is raised to the position shown, part of the air will pass by 
without going through the heater, and the mixture entering through 
the i'egister will be at a lower temperature than before. By changing 



rLOOR ^£GiST€R 




OALVANtZ^n tRON sUDtNO DOOR 
CASiNG 

Fig. 00. General Arrangement of a Galvanized -Iron Casing and Mixing Damper 
Damper between Heater and Register. 

the position of the damper, the proportions of warm and cold air 
delivered to the room can be varied, thus regulating the temperature 
without diminishing to any great extent the quantity of air delivered 




Pig. 61. Heater and Mixing Damper with Brick Casing. Damper between 
Heater and Register. 

The objection to this form of damper is that there is a tendency for 
the air to enter the room before it is thoroughly mixed; that is, a 
stream of warm air will rise through one half of the register while 
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cold air enters through the other. This is especially true if the con- 
nection between the damper and register is short. Fig. 61 shows 
a similar heater and mixing damper, with brick casing. Cold air is 
admitted to the large chamber below the heater, and rises through 
the sections to the register as before. The action of the mixing 
damper is the same as already described. Several flues or registers 
may be connected with a stack of this form, each connection having, 
in addition to its mixing damper, an adjusting damper for regulating 
the flow of air to the different rooms. 

Another way of proportioning the air-flow in cases of this kind 
is to divide the hot-air chamber above the heater into sections, by 
means of galvanized-iron partitions, giving to each room its proper 
share of heating surface. If the cold-air supply is made sufficiently 
large, this arrangement is preferable to using adjusting dampers as 




Fig. 02. Another Arrangement of Mixing Damper and Heater In Qalvanlzed-Iron 
Casing. Heater between Damper and Register. 

described above. The partitions should be carried down the full 
depth of the heater between the sections, to secure the best results. 
The arrangement shown in Fig. 62 is somewhat different, and 
overcomes the objection noted in connection with Fig. 60, by sub- 
stituting another. The mixing 'damper in this case is placed at the 
other end of the heater. When it is in its highest position, all of the 
air must pass through the heater before reaching the register; but 
when partially lowered, a part of the air passes over the heater, 
and the result is a mixture of cold and warm air, in proportions 
depending upon the position of the damper. As the layer of warm 
air in this case is below the cold air, it tends to rise through it, and a 
more thorough mixture is obtained than is possible with the damper 
shown in Fig. 60. One quite serious objection, however, to this form 
of damper, is illustrated in Fig. 63. When the damper is nearly 
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closed so that the greater part of the air enters above the heater, it 
has a tendency to fall between the sections, as shown by the arrows, 
and, becoming heated, rises again, so that it is impossible to deliver 

air to a room below a certain tem- 
perature. This peculiar action in- 
creases as the quantity of air admit- 
ted below the heater is diminished. 
When the inlet register is placed in 
the wall ai some distance above 
the floor, as in schoolhouse work, a' thorough mixture of air can be 
obtained by plac- 



D 



Fig. 88. Showing Dlfflculty of Regulat- 
ing TemiMrature with Arrangement 
In Fig. es. 




ing the heater so 
that the current 
of warm air will 
pass up the front 
of the flue and be 
discharged into 
the room through 
the lower part of 
the register. This 
is shown quite 
clearly in Fig. 64, 
where the' cur- 
rent of warm air 
is represented by 
crooked arrows, 
and the cold air 
by straight ar- 
rows. The two 
currents pass up 
the flue separate- 
ly; but as soon 
as they are dis- 
charged through 
the register the 
warm air tends 

to rise, and the cold air to fall, with the result of a more or less 
complete mixture, as shown. 



en 
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Pig. M. 



Arrangement of Heater and Damper Causing Warm Air 
to Enter Room tbrough Lower Part of Register, thus 
Securing Thorough jMlxlng 
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It is often desirable to warm a room at times when ventilation 
is not necessary, as in the case of living rooms during the night, or 
for quick warming in the morning. A register and damper for air 
rotation should be provided i.i this case. Fig. 65 shows an arrange- 
ment for this purpose. When the damper is in the position shown, 
air will be taken from the room above and be warmed over aifd over; 
but, by raising the damper, the supply will be taken from outside. 
Special care should be taken to make all mixing dampers tight against 
air-leakage, else their advantages will be lost. They should work 
easily and close tightly against flanges covered with felt. They may 
be operated from the rooms above by means of chains passing over 




Pig. 85. Arrangement for Quick HeaCins without Ventilation. Damper Shuts o.t Fresh 
Air, and Air of Room Heated by Rotating Forth and Back through 
Register and Heater. 

guide-pulleys; special attachments should be provided for holding 
in any desired position. 

Warm-Air Flues. The required size of the warm-air flue between 
the heater and the register, depends first upon the difference in tem- 
perature between the air in the flue and that of the room, and second, 
upon the height of the flue. In dwelling-houses, where the con- 
ditions are practically constant, it is customary to allow 2 square 
inches area for each square foot of radiation when the room is on the 
first floor, and IJ square inches for the second and third floors. In 
the case of hospitals, where a greater volume of air is reciuired, these 
figures may be increased to 3 square inches for the first floor wards, 
and 2 square inches for those on the upper floors. 

In schoolhouse work, it is more usual to calculate the size of 
,flue from an assumed velocity of air-flow through it. This will vary 
greatly according to the outside temperature and the prevailing wind 
conditions. The following figures may be taken as average velocities 
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obtained in practice, and may be used as a basis for calculating the 
required flue areas for the different stories of a school building: 

1st flooF; 280 feet per minute. 
2nd " , 340 ** " 
3rd " , 400 " " 
These velocities will be increased somewhat in cold and windy weather 
and will be reduced when the atmosphere is mild and damp. 

Having assumed these velocities, and knowing the number of 
cubic feet of air to be delivered to the room per minute, we have only 
to divide this quanity by the assumed velocity, to obtain the required 
flue area in scjuare feet. 

Example. A schoolroom on the second floor is to have an air-supply of 
2,000 cubic feet per minute. What will be the required flue area? 

Ans. 2000 -T- 340 T 5.8 + sq. feet. 
The velocities would be higher in the coldest weather, and dampers 
should be placed in the flues for throttling the air-supply when nec- 
essary. 

Cold-Air Ducts. The cold-air ducts supplying heaters should 
be planned in a manner similar to that described for furnace heating. 
The air-inlet should be on the north or ^est side of the building; but 
this of course is not always possible. The method of having a large 
trunk line or duct with inlets on tw^o or more sides of the building, 
should be carried out when possible. A cold-air room with large 
inlet windows, and ducts connecting with the heaters, makes a good 
arrangement for schoolhouse work. The inlet windows in this case 
should be provided with check-valves to prevent any outward flow of 
air. A detail of this arrangement is shown in Fig. 66. 

This consists of a boxing around the window, extending from 
the floor to the ceiling. The front is sloped as shown, and is closed 
from the ceiling to a point below the bottom of the window. The 
remainder is open, and covered with a wire netting of about ^-inch 
mesh; to this are fastened flaps or checks of gossamer cloth .about 
inches in width. These are hemmed on both edges and a stout 
wire is nm through the upper hem which is fastened to the netting 
by means of small copper or soft iron wire. The checks allow the air 
to flow inward })ut close when there is any tendency for the current 
to reverse. 

The area of the cold-air duct for any heater should be about 
three-fourths the total area of the warm-air ducts leading from it. 
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If the duct is of any considerable length or contains sharp bends, it 
should be made the full size of all the wann-air ducts. Adjusting 
dampers should be placed in the supply duct to each separate stack. 
If a trunk with two inlets is used, each inlet should be of suflBcient 
size to furnish the full amount of air required, and should be pro- 
vided with cloth checks for preventing an outward flow of air, as 
already described. The inlet windows should be provided with 
some form of damper or slide, outside of which should be placed a 
wire grating, backed by a netting of about f-inch mesh. 

Vent Flues. In dwelling-houses, vent flues are often omitted, 
and the frequent opening of doors and leakage are depended upon to 
carry away the im- 
pure air. A well- 
designed system of 
warming should 
provide some means 
for discharge ven- 
tilation, especially 
for bathrooms and 
toilet-rooms, and 
also for living rooms 
where lights are 
burned in the even- 
ing. Fireplaces are 
usually provided in 
the more important 




^^^^^^^^^^^^^^^^^^^^ 



Pig. M. Alr.Inlet Provided with Check-Valves to Prevent 
Outward Flow of Air. 



rooms of a well- 
built house, and 
these are made to 

serve as vent flues. In rooms having no fireplaces, special flues 
of tin or galvanized iron may be carried up in the partitions in 
the same manner as the warm-air flues. These should be gathered 
together in the attic, and connected with a brick flue nmning up 
beside the boiler or range chimney. 

Very fair results may be obtained by simply letting the flues open 
into an unfinished attic, and depending upon leakage through the 
roof to carry away the foul air. 
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Valve I 



The sizes of flues may be made the reverse of the warm-air flues 
— that is, li square inches area per square foot of indirect radiation 
for rooms on the first floor, and 2 square inches for those on the 
second. This is because the velocity of flow will depend upon the 
height of flue, and will therefore be greater from the first floor. The 
flow of air through the vents will be slow at best, unless some means 
is provided for warming the air in the flue to a temperature al)ove 
that of the room with which it connects. 

The method of carrying up the outboard discharge beside a warm 
chimney is usually sufficient in dwelling-houses; but when it is 

desired to move larger 
quantities of air, a loop 
of steam pipe should be 
'in inside the flue. This 
..iiould be connected for 
drainage and air-venting 
as shown in Fig. 67. 
When vents are carried 
through the roof inde- 
pendently, some form of 
protecting hood should 
be provided for keeping 
out the snow and rain. 
A simplo form is shown 
in Fig. 08. Flues carried 
outboard in this way 
should always be ex- 
tended well above the ridges of adjacent roofs to prevent down 
drafts in windy weather. 

For schoolhquse work we may assume average velocities through 
the vent flues, as follows: 

1st floor, 340 feet per minute. 
2nd " , 280 " " 
3rd " , 220 " " 

Where flue sizes are based on these velocities, it is well to guard 
against down drafts by placing an aspirating coil in the flue. A 
single row of pipes across the flue as shown in Fig. 09, is usually 
sufiicient for this purpose when the flues are large and straif^ht; 



Steam 



o Return 



Fig. 67. Loop of Steam Pipe to be Run Inside Flue. 
Connected for Drainage and Air-Veniing. 
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otherwise, two rows should be provided. The slant height of the 
heater should be shout twice the depth of the flue, so that the area 
between the pipes shall equal the 
free area of the flue. 

Large vent flues of this kind 
should always be provided with 
dampers for closing at night, and 
for regulation during strong winds. 

Sometimes it is desired to move 
a given quantitjt of air through a 
flue which is already in place. 
Table XXIV shows what velocities 
may be obtained through flues of 
different heights, for varying dif- 
ferences in temperature between the 
outside air and that in the flue. 

Example. — It is desired to discharge 1,300 cubic feet of air p)er minute 
through a flue having an area of 4 square feet and a height of 30 feet. If the 
efficiency of an aspirating coil is 400 B. T. L^., how many square feet of surface 
will be required to move this amount of air when the temperature of the room 
is 70° and the outside temperature is 60®? 




Fig. 68. Section Showing Simple Form 
of Protecting Hood for Vent Car- 
ried through Roof. 



r^o/^T View 



SiDC V/CW 





Fig. 69. Aspirating Coll Placed in Flue to Prevent Down Drafts. 

1,300 -T- 4 = 325 feet per minute = Velocity through the flue. 
Looking in Table XXIV, and following along the line opposite a 
30-foot flue, we find that to obtain this velocity thbre must be a differ- 
ence of 30 degrees between the air in the flue and the external air. 



95 



Digitized by 



Qoo^^ 



86 



HEATING AND VENTILATION 



If the outside temperature is 60 degrees, then the air in the flue must 
be raised to 60 + 30 = 90 degrees. The air. of the room being at 
70 degrees, a rise of 20 degrees is necessary. So the problem resolves 
itself into the following: What amount of heating surface having an 

TABLE XXIV 

Air-Flow throus^h Flues of Various Heiglits under Varying: 
Conditions of Temperature 

(Volumes given in cubic feet per square foot of sectional area of flue) 



Height op 


Excess oi 


Temperature op Air in Flub Above that op External Air 


Flue 












IN Feet 


6° 


10« 


15<» 


20° 


30^ 


60° 


5 


55 


76 


94 


109 


134 


167 


10 


77 


108 


133 


153 


188 


242 


15 


94 


133 


162 


188 


230 


297 


20 


108 


153 


188 


,217 


265 


342 


25 


121 


171 


210 


242 


297 


383 


30 


133 


188 . 


230 


265 


325 


419 


35 


143 


203 


248 


286 


351 


453 


40 


153 


217 


265 


306 


375 


484 


45 


162 


230 


282 


325 


398 


514 


50 


171 


242 


297 


342 


419 


541 


60 


188 


264 


325 


373 


461 


594 



eflBciency of 400 B. T. U. is necessary to raise 1,300 cubic feet of air 
per minute through 20 degrees? 

1,300 cubic feet per minute = 1,300 X 00 - 78,000 per hour; 

and making use of our formula for "heat for ventilation," we have 

78,000 X 20 



55 



= 28,363 B.T.U.; 



and this divided by 400 = 71 square feet of heating surface required. 
EXAMPLES FOR PRACTICE 

1. A schoolroom on the third floor has 60 pupils, who are 
to be furnished with 30 cubic feet of air per minute each. What will 
be the required areas in square feet of the supply and vent flues? 

Ans. Supply, 3.7 +. Vent, 6.8 +. 

2. What size of heater will be required in a vent flue 40 feet 
high and with an area of 5 square feet, to enable it to discharge 1,530 
cubic feet per minute, when the outside temperature is 60°? (Assume 
an efiiciency of 400 B. T. U. for the heater.) Axs. 41 .7 square feet. 
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Fig. 70. Section through a Floor Register. 



Registers. Registers are made of cast iron and bronze, in a 
great variety of sizes and patterns. The almost universal finish for 
cast-iron registers is black '* Japan;" but they are also finished in 
colors and electroplated with 
copper and nickel. Fig. 70 
shows a section through a 
floor register, in which A rep- 
resents the valves, which may 
be turned in a vertical or hori- 
zontal position, thus opening 
or closing the register; B is the 
iron border; C, the register box 
of tin or galvanized iron; and D, the warm-air pipe. Floor registers 
are usually set in cast-iron borders, one of which is shown in Fig. 71 ; 
while wall registers may be screwed directly to wooden borders or 
frames to correspond with the finish of the room. Wall registers 
should be provided with pull-cords for opening and closing from the 
floor? these are shown in Fig. 72. The plain lattice pattern shown in 
Fig. 73 i3 the best for schoolhouse work, as it has a comparatively 

free opening for 
air-flow and is 
pleasingand sim- 
p'l e in design. 
More elaborate 
patterns are used 
for fine dwelling- 
house work. 
Registers with 
shut-off valves 
are used for air- 
inlets, while the 
plain register 
faces without the 
valves are placed 
in the vent open- 
ings. The vent flues are usually gathered together in the attic, and 
a single damper may be used to shut off the whole number at once. 
Flat or round wire gratings of open pattern are often used in place of 




Fig. 71 . Cast-iron Border for a Floor Register. 
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register faces. The grill or solid part of a register face usually takes 

up about J of the area; hence in computing the size, we must allow 

for this by multiplying the required *'net area" by 1.5, to obtain the 

"total" or "over-all" area. 

Example. Suppose we have a flue 10 inches in width and wish to use a 
register having a free area of 200 square inches. What will be the required 
height of the register? 

200 X 1 .5 = 300 square inches, which is the total area required; 

then 300 -e- 10 = 30, which is the required height, and we should use 

a 10 by 30-inch register. When a register is spoken of as a 10 by 
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|VENTILATOR| 

IFOR I 
CORDS I 
i 

Fig. 72. Wall Register with Pull 
Cords for Opening and 
sine. 




Closing. 



Fig. 78. Plain Lattice Pattern Register. Best 
for Schoolhouse Work. 



30-inch or a 10 by 20-inch, etc., the dimensions of the latticed opening 
are meant, and not the outside dimensions of the whole register. The 
free opening should have the same area as the flue with which it con- 
nects. In designing new work, one should provide himself with a 
trade catalogue, and use only standard sizes, as special patterns and 
sizes are costly. Fig. 74 shows the method of placing gossamer 
check-valves back of the vent register faces to prevent down drafts, 
the same as described for fresh-air inlets. 
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Inlet registers in dwelling-house and similar work are placed 
either in the floor or in the baseboard; sometimes they are located 
under the windows, just above the baseboard. The object in view 
is to place them where the currents of air entering the room will not 
be objectionable to persons sitting near windows. A long, narrow 
floor-register placed close to the wall in front of a window, sends 
up a shallow current of warm air, which is not especially noticeable 
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Pig. 74. Method of Placing Gossamer Check-Valves back of Vent Register Face 
to Prevent Down Drafts. 

to one sitting near it. Inlet registers are preferably placed near 
outside walls, especially in large rooms. Vent registers should be 
placed in inside walls, near the floor. 

Pipe Connections. The two-pipe system with dry or sealed 
returns is used in indirect heating. The conditions to be met are 
practically the same as in direct heating, the only difference being 
that the radiators are at the basement ceiling instead of on the floors 
above. The exact method of making the pipe connections will 
depend somewhat upon existing conditions; but the general method 
shown in Fig. 75 may be used as a guide, with modifications to suit 
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any special case. The ends of all supply mains should be dripped, 
and the horizontal returns should be sealed if possible. 

Pipe Sizes. The tables already given for the proportioning of 
pipe sizes can be used for indirect systems. The following table has 
been computed for an efficiency of 640 B. T. U. per square foot of 
surface per hour, which corresponds to a condensation of ^ of a pound 
of steam. This is twice that allowed for direct radiation in Table 
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Fig. 75. General Method of MakiiiG: Pipe and Radiator Connections, in Basement, 
in Indirect Heating. 

XVII; so that we can consider 1 square foot of indirect surface as 
equal to 2 of direct in computing pipe sizes. 

As the indirect heaters are placed in the basement, care must be 
taken that the l)ottom of the radiator does not come too near the 
water-line of the borler, or the condensation will not flow back prop- 
erly; this distance, under ordinary conditions, should not be less than 
2 feet. If much less than this, the pipes should be made extra large, 
so that there may be little or no drop in pressure between the toiler 
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TABLE XXV 
Indirect Radiating Surface Supplied by Pipes of Various Sizes 





Square Feet or Indirect Radiation which will be Supplied with 


SlZK OF PiPK 






i Pound Drop in 200 Feet 


i Pound Drop in 100 Feet 


i Pound Drop in 100 Feet 


1 in. 


28 


40 


57 


U" 


51 


72 


105 


U " 


67 


95 


170 


2 " 


185 


262 


375 


2i " 


335 


475 


675 


3 " 


540 


775 


1,105 


3J" 


812 


1,160 


1,645 


4 " 


1,140 


1,625 


2, 310 


5 " 


2,030 


2,900 


4,110 


6 •' 


3,260 


4,660 


6,600 


7 " 


4, 830 


6,900 


9,810 


8 " 


6,800 


9,720 


13, 860 



and the heater. A drop in pressure of 1 pound would raise the 
water-line at the heater 2.4 feet. 




Fig. 76. General Form of Direct-Indirect Fig. 77. Section through Radiator Shown 
Radiator. in Fig. 76. 

Direct-Indirect Radiators. A direct-indirect radiator is similar 
in form to a direct radiator, and is placed in a room in the same 
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manner. Fig. 76 shows the general form of this type of radiator; 
and Fig. 77 shows a section through the same. The shape of the 
sections is such, that when in place, small flues are formed between 
them. Air is admitted through an opening in the outside wall; and, 
in -passing upward through these flues, becomes heated before enter- 
ing the room. A switch-damper is placed in the duct at the base of 
the radiator, so that the air may be taken from the room itself instead 
'! from out of doors, if so desired. This is shown more particularly 
in Fig. 76. 

Fig. 78 shows the wall box pnwided with louvre slats and netting, 
through which the air is drawn. A damper door is placed at either 

end of the radiator base; 
and, if desired, when the 
cold-air supply is shut off 
by means of the register 
in the air-duct, the radia- 
tor can be converted into 
the ordinary type by 
opening both damper 

Fig. 78. Wall Box with Louvre Slats and Netting, doorS, thuS taking the air 

Direct-indirect system. j^^^ ^^^ ^^^ j^^^^ 

of from the outside. It is customary to increase the size of a direct- 
indirect radiator 30 per cent above that called for in the case of 
direct heating. 

CARE AND MANAGEMENT OF STEAM- 
HEATING BOILERS 

Special directions are usually supplied by the maker for each 
kind of boiler, or for those which are to be managed in any peculiar 
way. The following general directions apply to all makes, and may 
be used regardless of the type of boiler employed : 

Before starting the fire, see that the boiler contains sufficient 
water. The water-line should be at about the center of the gauge- 
glass. 

The smoke-pipe and chimney flue should be clean, and the draft 
good. 

Build the fire in the usual way, using a quality of coal which is 
best adapted to the heater. In operating the fire, keep the firepot 
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full of coal, and shake down and remove all ashes and cinders as often 
as the state of the fire requires it. 

Hot ashes or cinders must not be allowed to remain in the ashpit 
under the grate-bars, but must be removed at regular intervals to 
prevent burning out the grate. 

To control the fire, see that the damper regulator is properly 
attached to the draft doors and the damper; then regulate the draft 
by weighting the automatic lever as may be required to obtain the 
necessary steam pressure for warming. Should the water in the 
boiler escape by means of a broken gauge-glass, or from any other 
cause, the fire should be dumped, and the boiler allowed to cool before 
adding cold water. 

An empty boiler should never be filled when hot. If the water 
gets low at any time, but still shows in the gauge-glass, more water 
should be added by the means provided for this purpose. 

The safety-valve should be lifted occasionally to see that it is 
in working order. 

If the boiler is used in connection with a gravity system, it should 
be cleaned each year by filling with pure water and emptying through 
the blow-off. If it should become foul or dirty, it can be thoroughly 
cleansed by adding a few pounds of caustic soda, and allowing it to 
stand for a day, and then emptying and thoroughly rinsing. 

During the summer months, it is recommended that the water 
be drawn off from the system, and that air-valves and safety-valves 
be opened to permit the heater to dry out and to remain so. Good 
results, however, are obtained by filling the heater full of water, 
driving off the air by boiling slowly, and allowing it to remain in this 
condition until needed in the fall. The water should then be drawn 
off and fresh water added. 

The heating surface of the boiler should be kept clean and free from 
ashes and soot by means of a brush made especially for this purpose. 

Should any of the rooms fail to heat, examine the steam valves 
in the radiators. If a two-pipe system, both valves at each radiator 
must be opened or closed at the same time, as required. See that 
the air-valves are in working condition. 

If the building is to be unoccupied in cold weather, draw all the 
water out of the system by opening the blow-off pipe at the boiler and 
all steam valves and air-valves at the radiators. 
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HOT-WATER HEATERS 

Types. Hot-water heaters differ from steam boilers principally 
in the omission of the reservoir or space for steam above the heating 
surface. The steam boiler might answer as a heater for hot w^ter; 

but the large capacity 
left for the steam would 
tend to make its opera- 
tion slow and rather 
unsatisfactory, although 
the same type of boiler 
is sometimes used for 
both steam and hot 
water. The passages in 
a hot-water heater need 
not extend so directly 
from bottom to top as 
in a steam boiler, since 
the problem of provid- 
ing for the free liberation 
of the steam bubbles 
does not have to be con- 
sidered. In general, the 
heat from the furnace 
should strike the sur- 
faces in such a manner 
as to increase the natural 
circulation ; this may be 
accomplished to a cer- 
tain extent by arranging 
the heating surface so 
that a large proportion 
of the direct heat 'will 
be absorl)ed near the 
top of the heater. 
Practically the boilers for low-pressure steam and for hot water differ 
from each other very little as to the character of the heating surface, 
so that the methods already given for computing the size of grate 
surface, horse-power, etc., under the head of "Steam Boilers," can be 




Fig. 79. Richardson Sectional Hot-Water Heater. 
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used with satisfactory results in the case of hot-water heaters. 

It is sometimes stated that, owing to the greater difference in tem- 
perature between the furnace gases and the water in a hot-water 
heater, as compared with steam, the heating surface will be more 
efficient and a smaller heater can be used. WTiile this is true to a 
certain extent, different authorities agree that this advantage is so 
small that no account should be taken of it, and the general propor- 
tions of the heater should be calculated in the same manner as for 
steam. Fig. 79 shows a form of hot-water heater made up of slabs 
or sections similar to the sectional steam boiler shown in Part I. 
The size can be increased in a similar manner, by adding more 
sections. In this case, however, the boiler is increased in width in- 
stead of in length. This has an advantage in the larger sizes, as a 
second fire door can 
be added, and all 
parts of the grate 
can be reached as 
well in the large sizes 
as in the small. 

Fig. (SO shows a 
different form of sec- 
tional boiler, in which 
the sections are 
placed one above an- 
other. These boilers 
are circular in form 
and well adapted to 
dwelling-house»s and 
similar work. 

Fig. 81 shows another type of cast-iron heater which is not made 
in sections. The space between the outer and infier shells surround- 
ing the furnace is filled with water, and also the cross-pipes directly 
over the fire and the drum at the top. The supply to the radiators 
is taken off from the top of the heater, and the return conne<;ts at the 
lowest point. 

The ordinary horizontal and vertical tubular boilers, with various 
modifications, are used to a considerable extent for hot-water heating, 





Fig. 80. "Invincible'* Boiler, with Sections 

Superposed. 

Courtetty of Amerxvan Radiator Co. 
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and are well adapted to this class of work, especially in the case of 
large buildings. 

Automatic regulators are often used for the purpose of main- 
taining a constant temperature of the water. They are constructed 
in different ways — some depend upon the expansion of a metal pipe 
or rod at different temperatures, and others upon the vaporization 

and consequent pres- 
sure of certain volatile 
liquids. These means 
are usually employed 
to open small valves 
which admit water- 
pressure under rubber 
diaphragms; and these 
in turn are connected 
by means of chains 
with the draft doors 
of the furnace, and so 
regulate the draft as 
required to maintain 
an even temperature 
of the water in the 
heater. Fig. 82 shows 
one of the first kind. 
A is a metal rod placed 
in the flow pipe from 
the heater, and is so 
connected with the 
valve B that when the 
water reaches a certain 
temperature the expansion of the rod opens the valve and admits 
water from the street pressure through the pipes C and D into the 
chamber E. The bottom of E consists of a rubber diaphragm, 
which is forced down by the water-pressure and carries with it the 
lever which operates the dampers as shown, and 'checks the fire. 
When the temperature of the water drops, the rod contracts and 
valve B closes, shutting off the pressure from the chamber E, A 
spring is provided to throw the lever back to its original position. 




Fig. 81. Cast-iron Heater Not Made In Sections. Water 

Fills Cross-Pipes and Space between Outer and 

Inner .Shells. 
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9IRBCT-1NDIRBCT METHOD OF WARMING TAKING A FRB8H AIH 8UPPLT 
FROM OUTSIDE AND PASSING IT UPWARD 

American Radiator Company 
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and the water above the diaphragm is forced out through the pet- 
cock G, which is kept slightly open all the time. 

DIRECT HOT-WATER HEATINQ 

A hot-water system is similar in construction and operation to 
one designed for steam, except that hot water flows through the 
pipes and radiators instead. 

The circulation through the pipes is produced solely by the dif- 
ference in weight of the ^^^ 



water in the supply and 
return, due to the differ- 
e n c e in temperature. 
When water is heated it 
expands, and thus a 
given volume l)ecomes 
lighter and tends to rise, 
and the cooler water flows 
in to take its place; if the 
application of heat is kept 
up, the circulation thus 
produced is continuous. 
The velocity of flow de- 
pends upon the difference 
in temperature between 
the supply and return, 
and the height of the 
radiator above the boiler. 
The horizontal distance 
of the radiator from the 




Fig. 82. Hot- Water Heater with Automatic Rega* 
lator Operated through Expansion and Con- 
traction of Metal Kod In Flow Pipe. 



boiler is also an important factor affecting the velocity of flow. 

This action is best shown by means of a diagram, as in Fig. 83. 
If a glass tube of the form shown in the figure is filled with water and 
held in a vertical position, no movement of the water will be noticed, 
because the two columns A and B are of the same weight, and there- 
fore in equilibrium. Now, if a lamp flame be held near the tube A, 
the small bubbles of steam which are formed will show the water 
to be in motion, with a current flowing in the direction indicated by 
the arrows. The reason for this is, that, as the water in ^4 is heated. 
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Fig. 83. Illustrating 
How the Heatin;? 
of Water Causes 
(Mrculation. 



£JC»^A/S/OAf TANK 



it expands and becomes lighter for a given volume, and is forced 

upward by the heavier water in B falling to the bottom of the tube. 

The heated water flows from A through the connecting tube at the 
top, into JS, where it takes the place of the 
cooler water which is settling to the bottom. If, 
now, the lamp be replaced by a furnace, and the 
columns A and B be connected at the top by 
inserting a radiator, the illustration will assume 
the practical form as utilized in hot-water heating 
(see Fig. 84). 

The heat given off by the radiator always 
insures a difference in temperature between the 
columns of water in the supply and return pipes, 
so that as long as heat is supplied by the furnace 
the flow of wateT will continue. The greater the 

difference in temperature of the water in the two pipes, the greater 

the difference in weight, and con- 

secjuently the faster the flow. The 

greater the height of the radiator 

above the heater, the more rapid 

will be the circulation, because the 

total difference in weight between 

the water in the supply and return 

risers will vary directly with their 

height. From the above it is evident 

that the rapidity of flow depends 

chiefly upon the temper of ure differ- 
ence between the supply and return, 

and upon the height of the radiator 

above the heater. Another factor 

which must be considered in long 

runs of horizontal pipe is the fric- 

tional resistance. 

Systems of Circulation. There 

are two distinct systems of cir- 
culation employed — one depending 

on the difference in temperature 

of the water in the supply and return pipes, called gravity circulaiion; 
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Fig. 84. Illustrating Simple Circala- 
tlon in a Heating System. 
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and another whore a pump is used to force the water through the 
mains, called forced circulation. The former is used for dwellings 
and other buildings of ordinary size, and the latter for large buildings, 
and especially where there are long horizontal runs of pipe. 

For gravity circulation some form of sectional cast-iron boiler 
IS commonly used, although wrought-iron tubular boilers may be 
employed if desired. In the case of forced circulation, a heater de- 
signed to warm the water by means of live or exhaust steam is often 
used. A centrifugal or rotary pump is best adapted to this pur- 
pose, and may be driven by an electric motor or a steam engine, 
as most convenient. 

Types of Radiating Surface. Cast-iron radiators and circulation 
coils are used for hot water as 
well as for steam. Hot-water 
radiators differ from steam 
radiators principally in having 
a horizontal passage at the top 
as well as at the bottom. 
This construction is necessary 
in order to draw off the air 
which gathers at the top of 
each loop or section. Other- 
wise they are the same as 
steam radiators, and are well 
adapted for the circulation of 

steam, and in some respects sage along Top. 

are superior to the ordinary pattern of steam radiator. 

The form shown in Fig. 85 is made with an opening at the top 
for the entrance of water, and at the bottom for its discharge, thus 
insuring a supply of hot water at the top and of colder water at the 
bottom. 

Some hot-water radiators are made with a cross-partition so 
arranged that all water entering passes at once to the top, from which 
it may take any passage toward the outlet. Fig. 86 is the more 
common form of radiator, and is made with continuous passages at 
top and bottom, the hot water being supplied at one side and drawn 
off at the other. The action of gravity is depended upon for making 
the hot and lighter water pass to the top, and the colder water sink 




Fig. 85. Showing Construction of Radiator for 
Hot Water or Steam. Note Horizontal Pas- 
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to the bottom and flow off through the return. Hot-water radiators 
are usually tapped and plugged so that the pipe connections can be 
made either at the top or at the bottom. This is shown in Fig. 87. 

Wall radiators are adapted to hot-water as well as steam heating. 

Efficiency of Radiators. The efficiency of a hot-water radiator 
depends entirely upon the temperature at which the water is circu- 
lated. The best practical results are obtained with the water leaving 
the boiler at a maximum temperature of about 180 degrees in zero 
weather and returning at about 160 degrees; this gives an average 






Pig. 86. Common Form of Hot- Water Radiator.. Circulation Fig, 87. End Elevation of 

Produced Wholly through Action of Gravity, Hot Kadiator Showing Taps 

Water Rising to Top. • at Top and Bottom for 

Pipe Connections. 

temperature of 170 degrees in the radiators. Variations may be made, 
however, to suit the existing conditions of outside temperature. We 
have seen that an average cast-iron radiator gives off about 1.7 B.T.U. 
per hour per square foot of surface per degree difference in tempera- 
ture between the radiator and the surrounding air, when working 
under ordinary conditions; and this holds true whether it is filled 
with steam or water. 

If we assume an average temperature of 170 degrees for the 
water, then the difference in temperature between the radiator and 
the air will be 170 — 70 = 100 degrees; and this multiplied by 1 .7 = 
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170, which may be taken as the efBciency of a hot- water radiator 
under the above average conditions. 

This calls for a water radiator about 1 .5 times as large as a steam 
radiator to heat a given room under the same conditions. This is 
common practice although some engineers multiply by the factor 1 .6, 
which allows for a lower temperature of the water. Water leaving 
the boiler at 170 degrees should return at about 150; the drop in 
temperature should not ordinarily exceed 20 degrees. 

Systems of Piping. A system of hot-water heating should pro- 
duce a perfect circulation of water from the heater to the radiating 




Fig. 88. System of Piping Usually Employed for Hot- Water Heating. 

surface, and thence back to the heater through the returns. The 
system of piping usually employed for hot-water heating is shown in 
Fig. 88. In this arrangement the main and branches have an inclina- 
tion upward from the heater; the returns are parallel to the mains, 
and have an inclination downward toward the heater, connecting 
with it at the lowest point. The flow pipes or risers are taken from 
the tops of the mains, and may supply one or more radiators as 
required. The return risers or drops are connected with the return 
mains in a similar manner. In this system great care must be taken 
to produce a nearly ecjual resistance to flow in all of the branches, so 
that each radiator may receive its full supply of water. It will always 
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be found that the principal current of heated water will take the path 
of least resistance, and that a small obstruction or irregularity in the 
piping is sufficient to interfere greatly with the amount of heat received 
in the different parts of the same system. 

Some engineers prefer to carry a single supply main around the 
building, of suflficient size to supply all the radiators, bringing back 
a single return of the same size. Practice has shown that in general 
It is not well to use pipes over 8 or 10 inches in diameter; if larger 
pipes are required, it is better to run two or more branches. 

The boiler, if possible, should be centrally located, and branches 

carried to differ- 
^v-'^^^'^ ent parts of the 

building. This 

insures a more 
even circulation 
than if all the 
radiators are 
supplied from a 
single long main, 
in which case 
the circulation 
is liable to be 
sluggish at the 
farther end. 

The arrange- 
ment shown in 
Fig. 89 is similar 
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PMg. 89. System of- Hot- Water Plplnj? Especially Adapted to 
Apartment Buildings where Each Flat Has a Separate Heater. 

to the circuit system for steam, except that the radiators have two 
connections instead of one. This method is especially adapted to 
apartment houses, where each flat has its separate heater, as it 
eliminates a separate return main, and thus reduces, by practically 
one-half, the amount of piping in the basement. The supply risers 
are taken from the top of the main; while the returns should con- 
nect into the side a short distance beyond, and in a direction away 
from the boiler. When this system is used, it is necessary to enlarge 
the radiators slightly as the distance from the boiler increases. 

In flats of eight or ten rooms, the size of the last radiator may be 
increased from 10 to 15 per cent, and the intermtxliate ones propor- 
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tioiially, at the same time keeping the main of a large and uniform 
size for the entire circuit. 

Overhead Distribution. This system of piping is shown in Fig." 
90. A single riser is carried directly to the expansion tank, from 
which branches are taken to supply the various drops to which the 
radiators are connected. An important advantage in connection 
with this system is that the air rises at once to thejexpansion tank, 
and escapes through the vent, so that air-valves are not required on 
the radiators. 



pa/nsior* Tcrnk 




Fig. 9a ''Overhead" Distribution System of Hot- Water Piping. 

At the same time, it has the disadvantage that the water in the 
tank is under less pressure than in the heater; hence it will boil at 
a lower temperature. No trouble will be experienced from this, how- 
ever, unless the temperature of the water is raised above 212 degrees. 

Expansion Tank. Every system for hot-water heating should be 
connected with an expansion tank placed at a point somewhat above 
the highest radiator. The tank must in evcTy case be connected to a 
line of piping which cannot by any possible means be shut off from 
the boiler. Wlien water is heated, it expands a certain amount, 
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Fig.»l. 



depending upon the temperature to which it is raised; and a tank or 

reservoir should always be provided to care for this increase in volume. 

Expansion tanks are usually made of heavy galvanized iron of 

one of the forms shown in Figs. 91 and 92, the latter form being used 

where the headroom is limited. The 
connection from the heating system 
enters the bottom of the tank, and 
an open vent pipe is taken from the 
top. An overflow connected with 
a sink or drain-pipe should be 
provided. Connections should be 
made with the water supply both 
at the boiler and at the expansion 
tank, the former to be used when 
first filling the system, as by this 
means all air is driven from the bot- 
tom upward and is discharged 
through the vent at the expansion 
tank. Water that is added after- 
ward may be supplied directly to the 
expansion tank, where the water-line can Ihj noted in the gauge-glass. 
A ball-cock is sometimes arranged to keep the water-line in the tank 
at a constant level. 
An altitude 
gauge is often 
placed in the base- 
ment with the col- 
ored hand or ix)int- 
er set to indicate 
the nonnal water- 
line in the expan- 
sion tank. When 
the movable hand 
•falls below the 
fixed one, more 
water may be added, as riHjuired, through the supply pipe at the boiler. 
When the tank is placed in an attic or roof space where there is danger 
of freezing, the expansion pipe may be connected into the side of the 
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tank, 6 or 8 inches from the bottom, and a circulation pipe taken 
from the lower part and connected with the return from an upper- 
floor radiator. This produces a slow circulation through the tank, 
and keeps the water warm. 

The siz^ of the expansion tank depends upon the volume of 
water contained in the system, and on the temperature to which it is 
heated. The following rule for computing the capacity of the tank 
may be used with satisfactory results: 

Square feet of radiation, divided by 40, equals required capacity of 
tank in gallons. 

Air-Venting. One very important point to be kept in mind in 
the design of a hot-water system, is the removal of air from the pipes 
and radiators. When the water in the boiler is heated, the air it 
contains forms into small bubbles which rise to the highest points of the 
system. 

In the arrangement shown in Fig. 88, the main and branches 
grade upward from the boiler, so that the air finds its way into the 
radiators, from which it may be drawn off by means of the air-valves. 

A better plan is that shown in Fig. 89. In this case the expan- 
sion pij)e b taken- directly off the top of the main over the boiler, so 
that the larger part of the air rises directly to the expansion tank and 
escapes through the vent pipe. The same action takes place in the 
overhead system shown in Fig. 90, where the top of the main riser 
is connected with the tank. Every high point in the system and 
every radiator, except in the downward system with top supply con- 
nection, should be provided with an air-valve. 

Pipe Connections. There are various methods of connecting 
the radiators with the mains and risers. Fig. 93 shows a radiator 
connected with the horizontal flow and return mains, which are 
located below the floor. The manner of connecting with a vertical 
riser and return drop is shown in Fig. 94. As the water tends to 
flow to the highest point, the radiators on the lower floors should be 
favored by making the connection at the top of the riser and taking 
the pipe for the upper floors from the side as shown. Fig. 95 illus- 
trates the manner of connecting with a radiator on an upper floor where 
the supply is connected at the top of the radiator. 

The connections shown in Figs. 90 and 97 are used with the 
overhead system shown in Fig. 90. 
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Where the connection is of the form shown at the left in Fig. 90, 
the cooler water from the radiators is discharged into the supply pipe 
again, so that the water furnished to the radiators on the lower floors 
is at a lower temperature, and the amount of heating surface must be 
correspondingly increased to make up for this loss, as already de- 
scribed for the circuit system. 




*^\, 




Fig. 98. Radiator Connected with Hori- 
zontal Plow and Return Mains 
Located below Floor. 



Fig. 94. Radiator Connected to Vertical 
Riser and Return Drop. 



For example, if in the case of Fig. 90 we assume the water to 
leave at 180 degrees and return at 160, we shall have a drop in tem- 
perature of 10 degrees on each floor; that is, the water will enter the 
radiator on the second floor at 180 degrees and leave it at 170, and 
will enter the radiator on the first floor at 170 and leave it at 160. 





Fig. 95. Upper-Floor Radiator with Sup- Fig 9«. Radiator Connections. Overhead 
ply Connected at Top. Distribution System. 

The average temperatures will be 175 and 165, respectively. The 
eflSciency in the first case wnll be 175 — 70 = 105; and 105 X 1 .5 = 
157. In the second case, 165 — 70 = 95; and 95 X 1.5 = 142; 
so that the radiator on the first floor will have to be lar<rer than that 
on the second floor in the ratio of 157 to 142, in order to do the same 
work. 
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This is approximately an increase of 10 per cent for each story 
downward to offset the cooling effect; but in practice the supply 
drops are made of such size that only a part of the water is by-passed 
through the radiators. For this reason an increase of 5 per cent 
for each story downward is probably suflScient in ordinary cases. 

Where the radiators discharge 
into a separate return as in the case 
of Fig. 88, or those at the right in 
Fig. 90, we may assume the tempera- 
ture of the water to be the same on 
all floors, and give the radiators an 
e(jual efficiency. 

In a dwelling-house of two stories, 
no difference would be made in the 
sizes of radiators on the two floors; 
but in the case of a tall office build- 
ing, corrections would necessarily be made as above described. 

WTiere circulation coils are used, they should be of a form which 
will tend to produce a flow of water through them. Figs. 98, 99, and 
100 show different ways of making up and connecting these coils. 



Pig. 97. Another Form of Radiator 
Connection, Overhead Distribu- 
tion System. 



In Figs. 98 and 100, suppl/ pipes may be eUher drops or risers; and 
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Fig. »8. Circulation Coll. One Method of Construction. Supply Pipes 
may be Either Drops or Risers. 



in the former case the return in Fig. 100 may be carried back, if desired, 
into the supply drop, as shown by the dotted lines. 

Combination Systems. Sometin^es the boiler and piping are 
arranged for either steam or hot water, since the demand for a higher 
or lower temj)erature of the radiators might change. 
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The object of this arrangement is to secure the advantages of a 
hot-water system for moderate temperatures, and of steam heating 
for extremely cold weather. 




Fig- 09. Another Method of liuUding Up a Circulation Coil. 

As less radiating surface is required for steam heating, there is 
an advantage due to the reduction in first cost. This is of consider- 
able importance, as a heating system must be designed of such dimen- 
sions as to be capable of warming a building in the coldest weather; 




D 



^ 



S) 



Pig. 100. circulation Coil with Either Drop or Riser Supply. In former case, return 
may be carried into Supply Drop as shown by Dotted Lines. 

and this involves the expenditure of a considerable amount for radiat- 
ing surfaces, which are neede<l only at rare intervals. A combination 
system of hot-water and steam heating requires, first, a heater or boiler 
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which will answer for either purpose; second, a system of piping 
which will permit the circulation of either steam or hot water; and 
third, the use of radiators which are adapted to both kinds of heating. 
These requirements will be met by using a steam boiler provided with 
all the fittings required for steam heating, but so arranged that the 
damper regulator may be closed by means of valves when the system 
is to be used for hot-water heating. The addition of an expansion 
tank is required, which must be so arranged that it can be shut off 
when the system is used for steam heating. The system of piping 
shown in Fig. 88 is best adapted for a combination system, although 
an overhead distribution as shown in Fig. 90 may be used by shutting 
off the vent and overflow pipes, and placing air-valves on the radiators. 

While this system has many advantages in the way of cost over . 
the complete hot-water system, the labor of changing from steam 
to hot water will in some cases be trouble- r- 
some; and should the connections to the 
expansion tank not l>e opi^ned, serious re- 
sults would follow. . 

Valves and Fittings. Gate-valves 
should always be used in connection with 
hot-water piping, although angle-valves may 
be used at the radiators. There are several 
patterns of radiator valves made especially 
for hot-water work; their chief advantage 

lies in a device for quick closing, usually a ^,^^,,,^ Radiator vaive for 
quarter-turn or half-turn being sufficient to Hot- water work. 

open or close the valve. Two different designs are shown in Figs. 
101 and 102. 

It is customary to place a valve in only one connection, as that is 
sufficient to stop the flow of water through the radiator; a fitting 
known as a union elbow is often employed in place of the second valve. 
(See Fig. 103.) 

Air^Valves. The ordinary pet-cock air-valve is the most reliable 
for hot-water radiators, although there are several forms of auto- 
matic valves which are claimed to give satisfaction. One of these 
is shown in Fig. 104. This is similar in construction to a steam 
trap. As air collects in the chamber, and the water-line is bwered, 
the float drops, and in so doing opens a small valve at the top of the 
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chamber, which allows the air to escape. As the water flows in to take 
its place, the float is forced upward and the valve is closed. 

All radiators which are suppUed by risers from below, should be 
provided with air-valves placed in the top 
of the last section at the return end. If 
they are supplied by drops from an over- 





Fig. 102. Another Typo of Hot- 
Water Radiator valve. 



Flk'. HW. T^nion Elbow. 



head system, the air will be discharged at the expansion tank, and 

air-valves will not be necessary at the radiators. 

Fittings. All fittings, such as elbows, tecs, etc., should be of 

the hng-ium pattern. If the common form is used, they should be 

a size larger than the pipe, bushed 
down to the proper size. The long- 
turn fittings, however, are preferable, 
and give a much better appearance. 
Connections between the radiators 
and risers may be made with the 
ordinary short-pattern fittings, as 
those of the other form are not well 
adapted to the close connections nec- 
essary for this work. 

Pipe Sizes. The size of pipe 
required to supply any given radiator 
depends upon four conditions ; /ir*/, the 
size of the radiator; second, its elevation 

^^ol'tvattr^Sil^or^^S^^rVT^^^^^ above the boiler; third, the length of 
by a Float. .pipe required to connect it with the 

boiler; and fourth, the difference in temperature between the supply 

and the retura 
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As it would be a long and rather complicated process to work out 
the required size of each pipe for a heating system, Tables XXVI and 
XXVII have been prepared, covering the usual conditions to be met 
with in practice. 

TABLE XXVI 

Direct Radiatins: Surface Supplied by Mains of Different 

Sizes and Lengths of Run 









Square Feet of Radiating Surface 


Size of Pipe 












100 ft. 


200 ft. 


300 ft. 


400 ft. 


500 ft. 


600 ft 


700 ft. 


800 ft. 


1.000 




Run 


Run 


Run 


Run 


Run 


Run 


Run 


Run 


ft. Run 


1 in. 


30 


















U" 


60 


50 
















li" 


100 


75 


50 














2 " 


200 


150 


125 


100 


75 










2i'* 


350 


250 


200 


175 


150 


125 








3 " 


550 


400 


300 


275 


250 


225 


200 


175 


150 


3i " 


S50 


600 


450 


400 


350 


325 


300 


250 


225 


4 " 


1,200 


850 


700 600 


525 


475 


450 


400 


350 


5 ^' 




1,400 


1,150 1,000 


700 


850 


775; 725 


650 


G '* 








1,600 


1,400 


1,300 


1,200, 1,150 


1,000 


7 " 














1,706 1,600 


1,500 



These quantities have been calculated on a basis of 10 feet difference 
in elevation between the center of the heater and the radiators, and a differ- 
ence in temperature of 17 degrees between the supply and the return. 

TABLE XX VII 

Radiating Surface on Different Floors Supplied by 

Pipes of Different Sizes 



Size of 




Square Feet of Radiating Surpace 




RiBFR 














Ist Story 


2d Story 


3d Story 


4th Story 5th Story 


6th Story 


1 in. 


30 


55 


65 


75 


85 


05 


IH" 


60 


90 


110 


125 


140 


160 


IJ^" 


100 


140 


165 


185 


210 


240 


2 " 


200 


275 


375 


425 


500 




2H" 


350 


475 










3 •' 


' 550 












SH" 


850 













Table XXVI gives the number of square feet of direct radiation 
which different sizes of mains and branches will supply for varying 
lengths of run. 

Table XXVI may be used for all horizontal mains. For vertical 
risers or drops, Table XXVII may be used. This has been com- 
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puted for the same difference in temperature as in the case of Table 
XXVI (17 degrees), and gives the square feet of surface which dif- 
ferent sizes of pipe will supply on the different floors of a building, 
assuming the height of the stories to be 10 feet. Where a single 
riser is carried to the top of a building to supply the radiators on the 
floors beloW; by drop pipes, we must first get what is called the average 
elevaiion of the system before taking its size from the table. This may 
be illustrated by means of a diagram (see Fig. 105). 

In A we have a riser carried to the third story, and from there a 
drop brought down to supply a radiator on the first floor. The 
elevation available for producing a flow in the riser is only 10 feet, 
the same as though it extended only to the radiator. The water in 
the two pipes above the radiator is practically at the same temperature, 
and therefore in equilibrium, and has no effect on the flow of the 
water in the riser. (Actually there would be some radiation from the 
pipes, and the return, above the radiator, would l>e slightly cooler, but 
for purposes of illustration this may be neglected). If the radiator 
was on the second floor the elevation of the system would be 20 feet 
(see B); and on the third floor, 30 feet; and so on. The distance 
which the pipe is carried above the first radiator which it supplies 
has but little effect in producing a flow, especially if covered, as it 
should be in practice. Having seen that the flow in the main riser 
depends upon the elevation of the radiators, it is easy to see that the 
way in which it is distributed on the different floors must be con- 
sidered. For example, in B, Fig. 105, there will be a more rapid 
flow through the riser with the radiators as shown, than there would 
be if they were reversed and the largest one were placed upon the first 
floor. 

We get the average elevation of the system by multiplying the 
square feet of radiation on each floor by the elevation above the 
heater, then adding these products together and dividing the same 
by the total radiation in the whole system. In the case shown in 
Bj the average elevation of the system would be 

(100 X 30) + (50 X 20) + (25 X 10) ^ . 

100 + 50 + 25 ^^^' 

and we must proportion the main riser the same as though the whole 
radiation were on the second floor. Looking in Table XXVII, we 
find, for the second story, that a IJ-inch pipe will supply 140 square 
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feet; and a 2-inch pipe, 275 feet. Probably a IJ-inch pipe would 
be sufficient. 

Although the height of stories varies in different buildings, 10 
feet will be found sufficiently accurate for ordinary practice. 

INDIRECT HOT-WATER HEATING 

This is used under the same conditions as indirect steam, and 
the heaters used arc similar to those already described. Special 



A B 

Pig. 105. Diagram to Illustrate Finding of Arerage Elevation of Heating S3\stem. 

attention is given to the form of the sections, in order that there may 
be an even distribution of water through all parts of them. As the 
stacks are placed in the basement of a building, and only a short 
distance above the l)oiler, extra large pipes must l)e usc»d to secure a 
proper circulation, for the head producing flow is small. The stack 
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casings, cold-air and wann-air pi{)es, and registers are the same as 
in steam heating. 

Types of Radiators. The radiators for indirect hot-water heating 
are of the same general form as those used for steam. Those shown 
in Figs. 52, 53, 56, 106, and 107 are common patterns. The drum 
pin, Fig. 106, is an excellent form, as the method of making the 
connections insures a uniform* distribution of water through the 
stack. 

Fig. 107 shows a radiator of good form for water circulation, and 
also of good depth, which is a necessary point in the design of hot- 
water radiators. They should he not less than 12 or 15 inches deep 
for good results. Box coils of the form given for steam may also he 




Fig. 106. "Drum Pin" Indirect Hot- Water Raaiator. 

used, provided the connections for supply and return are made of 
good size. 

Size of Stacks. As indirect hot-water heaters are used princi- 
pally in the warming of dwelling-houses, and in combination with 
direct radiation, the easiest method is to compute the surfaces required 
for direct radiation, and multiply these results by 1 .5 for pin radiators 
of good depth. For other forms the factor should varj' from 1.5 
to 2, depending upon the depth and projxjrtion of free area for air- 
flow between the sections. 

If it is desired to calculate the required surface directly by the 
thermal unit method, we may allow an efficiency of from 360 to 400 
for good types in zero weather. 
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In schoolhouse and hospital work, where larger volumes of air 
are warmed to lower temperatures, an efficiency as high as 500 B. T. U. 
may be allowed for radiators of good form. 

Flues and Casings. For cleanliness, as well as for obtaining 
the best results, indirect stacks should be hung at one side of the 
register or flue receiving the warm air, and the cold-air duct should 
enter beneath the heater at the other side. A space of at least 10 
inches, and preferably 12, should be allowed for the warm air above 
the stack. The top of the casing should pitch upward toward the 
warm-air outlet at least an inch in its length. A space of from 8 to 
10 inches should be allowed for cold air below the stack. 

As the amount of air warmed per square foot of heating surface 
is less than in the case of steam, we may make the flues somewhat 
smaller as compared 
with the size of heater. 
The following p r o - 
portions may be used 
under usual conditions 
for dwelling - houses : 
li square inches per 
square foot of radia- 
tion for the first floor, 
1\ square inches for 
the second floor, and 
1} square inches for 
the cold-air duct. 

Pipe Connections. In indirect hot-water work, it is not desirable 
to supply more than 80 to 100 square feet of radiation from a single 
connection. When the requirements call for larger stacks, they 
should be divided into two or more groups according to size. 

It is customary to carry up the main from the boiler to a point 
near the basement ceiling, where it is air-vented through a small 
pipe leading to the expansion tank. The various branches should 
grade downward and connect with the tops of the stacks. In this 
way, all air, both from the boiler and from the stacks, will find its way 
to the highest point in the main, and be carried off automatically. 

As an additional precaution, a pet-cock air-valve should be placed 
in the last section of each stack, and brought out through the casmg 
by means of a short pipe. 




Pig. 107. Indirect Hot- Water Radiator. 
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TABLE XXVIII 
Radiating Surface Supplied by Pipes of Various Sizes— Indirect Hot- 
Water System 



Diameter 

OF 


Square Feet of Radiating Surfacb 


Pipe 


100 Ft. Run 
15 


200 Ft. Run 


300 Ft. Run 


400 Ft. Run 


1 in. 






u •' 


30 


25 






14 " 


50 


40 


25 




2 " 


100 


75 


60 


50 


2i " 


175 


125 


100 


90 


3 '' 


275 


200 


150 


140 


34 " 


425 


300 


225 


200 


4 " 


600 


425 


350 


300 


5 " 




700 


575 


500 


6 '^ 


- 






800 


7 " 








1,200 



Some engineers make a practice of carrying the main to the 
ceiling of the first story, and then dropping to the basement before 
branching to the stacks, the idea being to accelerate the flow of water 
through the main, which is liable to be sluggish on account of the 
small difference in elevation between the boiler and stacks. If 
the return leg of the loop is left uncovered, there will be a slight drop 
in temperature, tending to j>roduce this result; but in any case it will 
be exceedingly small. With supply and return mains of suitable 
size and properly graded, there should be no difficulty in securing a 
good circulation in basements of average height. 

Pipe Sizes. As the difference in elevation between the stacks 
and the heater is necessarily small, the pipes should be of ample size 
to offset the slow velocity of flow through them. The sizes mentioned 
in Table XXVIII, for runs up to 400 feet, will be found to supply 
ample radiating surface for ordinary conditions. Some engineers 
make a practice of using somewhat smaller pipes, but the larger sizes 
will in general be found more satisfactory. 

CARE AND MANAGEMENT OF HOT-WATER HEATERS 

The directions given for the care of steam-heating boilers apply 
in a general way to hot-water heaters, as to the methods of caring 
for the fires and for cleaning and filling the heater. Only the special 
points of difference need be considered. Before building the fire, all 
the pipes and radiators must be full of water, and the expansion tank 
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should be partially filled as indicated by the gauge-glass. Should 
the water in any of the radiators fail to circulate, see that the valves 
are wide open and that the radiator is free from air. Water must 
always be added at the expansion tank when for any reason it is 
drawn from the system. 

The required temperature of the water will depend upon the 
outside conditions, and only enough fire should be carried to keep 
the rooms comfortably warm. Ther- 
mometers should be placed in the flow 
and return pipes near the heater, as a 
guide. Special forms are made for 
this purpose, in which the bulb is im- 
mersed in a bath of oil or mercury (see 
Fig. 108). 

FORCED HOT-WATER CIRCU- 
LATION 

While the gravity system of hot- 
water heating is well adapted to 
buildings of small and medium size, 
there is a limit to which it can be car- 
ried economically. ' This is due to the 
slow movement of the water, which 
calls for pipes of excessive size. To 
overcome this diflRculty, pumps are 
used to force the water tlirough the 
mains at a comparatively high velocity. 

The water may be heated in a 
boiler in the same manner as for 
gravity circulation, or exhaust steam 
may be utilized in a feed-water heater ''lU''pip?nJ:I?Tea\'JrAo^D^^^^^^^ 

f 1 • o A* X # .1 mine Temperature of Water. 

of large size. Sometimes part of the 

heat is derived from an economizer placed in the smoke passage 

from the boilers. 

Systems of Piping. The mains for^forced circulation arc usually 
run in one of two ways. In the two-pipe syntcm, shown in Fig. 109, 
the supply and return arc carried side by side, the former reducing 
in size, and the latter increasing as the branches are taken off. 
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The flow through the risers is produced by the difference in 
pressure in the supply and return mains; and as this is greatest 
nearest the pump, it is necessary to place throttle-valves in the risers 
to prevent short-circuiting and to secure an even distribution through 
all parts of the system. 

Fig. 110 shows the single-pipe or circuit system. Thisjs similar 
to the one already described for gravity circulation, except that it can 
be used on a much larger scale. 

A single main is carried entirely around the building in this 
case, the ends being connected with the suction and discharge of the 
pump as shown. 

As the pressure or head in the main drops constantly throughout 
the circuit, from the discharge of the pump back to the suction, it is 




Fig. 109. "Two-Pipe" System for Forced Hot- Water Circulation. 

evident that if a supply riser be taken off at any point, and the return 
be connected into the main a short distance along the line, there will 
be a sufficient difference in pressure between the two points to produce 
a circulation through the two risers and the connecting radiators. 
A distance of 8 or 10 feet between the connections is usually ample to 
produce the necessary circulation, and even less if the supply is taken 
from the top of the main and the return connected into the side. 

Sizes of Mains and Branches. As the velocity of flow is inde- 
pendent of the temperature and elevation when a pump is used, it is 
necessary to consider only the volume of water to be moved and the 
length of run. 
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The volume is found by the equation 

^ 500 T 
in which 

Q = Gallons of water required per minute; 
R = Square feet of radiating surface to be supplied ; 
E = Efficiency of radiating surface in B. T. U. per sq. foot per hour; 
T = Drop in temperature of the water in passing through the heating 
system. 

In systems of this kind, where the circulation is comparatively 
rapid, it is customary to assume a drop in temperature of 30° to 40°, 
between the supply and return. 

Having determined the gallons of water to be moved, the required 
size of main can be found by assuming the velocity of flow, which 
for pipes from 5 to 8 inches in diameter may be taken at 400 to 500 
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Pig. 110. **SingIe-Plpe" or "Circuit" System for Forced Hot- Water Circulation. 

feet per minute. A velocity as high as 600 feet is sometimes allowed 
for pipes of large size, while the velocity in those of smaller diameter 
should be proportionally redubed to 250 or 300 feet for a 3-inch pipe. 
The next step is to find the pressure or head necessary to force the 
water through the main at the given velocity. This in general should 
not exceed 50 or 60 feet, and much better pump efficiencies will be 
obtained with heads not exceeding 35 or 40 feet. 

As the water in a heating system is in a state of equilibrium, the 
only power necessary to produce a circulation is that required to 
overcome the friction in the pipes and radiators; and, as the area of 
the passageways through the latter is usually large in comparison 
with the former, it is customary to consider only the head necessary 
to force the wi»,ter through the mains, taking into consideration the 
additional friction produced by valves and fittings. 
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Each long-turn elbow may be taken as adding about 4 feet to 
the length of pipe; a short-turn fitting, about 9 feet; 6-ineh and 
4-inch swing check-valves, 50 feet and 25 feet, respectively; and 
6-inch and 4-inch globe check-valves, 200 feet and 130 feet, respec- 
tively. 

Table XXIX is prepared especially for determining the size of 
mains for different conditions, and is used as follows: 

Example. Suppose that a heating system requires the circulation of 480 
gallons of water per minute through a circuit main 600 feet in length. Tlie 
pipe contains 12 long-turn elbows and 1 swing check-valve. What diameter 
of main should be used ? 

Assuming a velocity of 480 feet per minute as a trial velocity, we 
follow along the line corresponding to that velocity, and find that a 
5-inch pipe will deliver the required volume of water under a head 
of 4.9 feet for each 100 feet length of run. 

The actual length of the main, including the equivalent of the 
fittings as additional length, is 

600 + (12 X 9) + 50 = 758 feet; 
hence the total head required is 4.9 X 7.58 = 37 feet. As both 
the assumed velocity and the necessary head come within practicable 
limits, this is the size of pipe which would probably be used. If it 
were desired to reduce the power for running the pump, the size of 
main could be increased. That is, Table XXIX shows that a 6-inch 
pipe woiild deliver the same volume of water with a friction head of . 
only about 2 feet per 100 feet in length, or a total head of 2 X 7 . 58 = 
15 feet. 

The risers in the circuit system afe usually made the same size 
as for gravity work. With double mains, as shown in Fig. 109, they 
may be somewhat smaller, a reduction of one size for diameters over 
1 J inches being common 

The branches connecting the risers with the mains may be pro- 
portioned from the combined areas of the risers. ^Vllen the branches 
are of considerable size, the diameter may be computed from the 
available head and volume of water to be moved. 

Pumps. Centrifugal pumps are usually employed in connection 
with forced hot-water circulation, in preference to pumps of the 
piston or plunger type. They are simple in constmction, having 
no valves, produce a continuous flow of water, and, for the low heads 
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against which they are operated, have a good efficiency. A pump of 
this type, with a direct-connected engine, is shown in Fig. 111. 

Under ordinary conditions the efficiency of a centrifugal pump 
falls oflf considerably for heads above 30 or 35 feet; but special high- 
speed pumps are constructed which work with a good efficiency 
against 600 feet or more. 

Under favorable conditions an efficiency of 60 to 70 per cent is 
often obtained; but for hot-water circulation it is more common to 
assume an efficiency of about 50 per cent for the average case. 

The horse-power required for driving a pump is given by the 
following formula: 

HxVx 8.3 



H. P. = 



33,000 X-K' 



in which 



H = Friction head in feet ; 

V = Gallons of water delivered per minute; 

E = Efficiency of pump. 



Centrifugal pumps are made in many sizes and with varying 
proportions, to meet the ^different requirements of capacity and head. 

Heaters. If the water is heated in a boiler, any good form may 
be used, the same as for gravity work. In case tubular boilers are 
used, the entire shell may be filled with tubes, as no steam space is 
required. 

In order to prevent the water from passing in a direct line from 
the inlet to the outlet, a series of baffle-plates should be used to bring 
it in contact with all parts of the heating surface. 

When steam is used for heating the water, it is customary to 
employ a closed feed-water heater with the steam on the inside of the 
tubes and the water on the outside. 

Any good form of heater can be used for this purpose by providing 
it with steam connections of sufficient size. In the ordinary form of 
heater, the feed-water flows through the tubes, and the connections 
are therefore small, making it necessary to substitute special nozzles 
of large size when used in the manner here described. 

When computing the re(iuired amount of heating surface in the 
tubes of a heater, it is customary to assume an efficiency of about 200 
B- T. U. per s(|uare foot of surface per hour, per degree difference in 
temperature between the water and steam. 
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It is usual to circulate the water at a somewhat higher tempera- 
ture in systems of this kind, and a maximum initial temperature of 
200 degrees, with a drop of 40 degrees in the heating system, may be 
used in computing the size of heater. If exhaust steam is used at 
atmospheric pressure, there will be a difference of 212 — 180 = 32 
degrees, between the average temperature of the water and the steam, 
giving an efficiency of 200 X 32 = 6,400 B. T. U. per square foot 
of heating surface. 

From this it is evident that 6,400 -^ 170 = 38 square feet of 

direct radiating surface, or 6,400 -r 400 = 16 square feet of indirect, 

may be supplied from each square foot of tube surface in the heater. 

Example. A building having 6,000 square feet of direct, and 2,000 
square feet of indirect radiation, is to be warmed by hot water under forced 
circulation. Steam at atmospheric pressure is to be used for heating the 
water. How many square feet of heating surface should the heater contain ? 

6,000 ^ 38 = 158; and 2,000 
-r 16 = 125; therefore, 158 + 
125 = 283 square feet, the area 
of heating surface called for. 

When the exhaust steam is 
not sufficient for the require- 
ments, an auxiliary live steam 
heater is used in connection 
with it. 

EXAMPLES FOR PRACTICE 

1. A building contains 
10,000 square feet of direct 
radiation and 4,000 square feet 
of indirect radiation. How 
many gallons of water must be circulated through the mains per min- 
ute, allowing a drop in temperature of 40 degrees? Ans. 165 gal. 

2. In the above example, what size of main should be used, 
assuming the circuit to be 300 feet in length and to contain ten long- 
turn elbows? The friction head is not to exceed 10 ft., and the 
velocity of flow not to exceed 300 feet per minute. Axs. 4-inch. 

3. What horse-power will be required to drive a centrifugal 
pump delivering 400 gallons per minute against a friction head of 
40 feet, assuming an efficiency of 50 per cent for the pump? 

Ans. 8 H. P. 




Fig. in. Centrifugal Pump Direct-Con- 
nected to Engine, for Forced Hot- 
Water Circulation, 



13S 



Digitized by 



Google 



124 HEATING AND VENTILATION 

4. A building contains 10,000 square feet of direct radiation and 
5,000 square feet of indirect radiation. Steam at atmospheric pres- 
sure is to be used. The initial temperature of the water is to be 200*^; 
and the finals 160®. How many square feet of heating surface should 
the heater contain? Anb. 675 sq. ft. 

5. How many square feet would be required in the above 
heater (Example 4) if the initial temperature of the water were 180° 
and the final temperature 150°? Ans. 399 sq. ft. 

EXHAUST-STEAM HEATING 

Steam, after being used in an engine, contains the gi eater part 
of its heat; and if not condensed or used for other purposes, it can 
usually be employed for heating without affecting to any great extent 
the power of the engine. In general, we may say that it is a matter of 
economy to use the exhaust for heating, although various factors 
must be considered in each case to determine to what extent this is 
true. The more important considerations bearing upon the matter 
are: the relative quantities of steam required for power and for 
heating; the length of the heating season; the type of engine used; 
the pressure carried; and, finally, whether the plant under con- 
sideration is entirely new, or whether, on the other hand, it involves 
the adapting of an old heating system to a new plant. 

The first use to be made of the exhaust steam is the heating of 
the feed-water, as this effects a constant saving both summer and 
winter, and can be done without materially increasing the back- 
pressure on the engine. Under ordinary conditions, about one-sixth 
of the steam supplied to the engine can be used in this way, or more 
nearly one-fifth of the exhaust discharged from the engine. 

We may assume in average practice that about 80 per cent of 
the steam supplied to an engine is discharged in the form of steam 
at a lower pressure, the remaining 20 per cent being partly converted 
into work and partly lost through cylinder condensation. Taking 
this into account, there remains, after deducting the steam used for 
feed-water heating, .8 X f == .64 of the entire (juantity of steam 
supplied to the engine, available for heating purposes. 

When the quantity of steam required for heating is small com- 
pared with the total amount supplied to the engine, or where the 
heating season is short, it is often more economical to run the engine 
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condensing and use the live steam for heating. This can be deter- 
mined in any particular case by computing the saving in fuel by the 
use of a condenser, taking into account the interest and depreciation 
on the first cost of the condensing apparatus, and the cost of water, 
if it must be purchased, and comparing it with the cost of heating 
with live steam. 

Usually, however, in the case of office buildings and institutions, 
and commonly in the case of shops and factories, especially in north- 
erly latitudes, it is advantageous'to use theVxhaust'for^heating, even if 
a condenser is installed for summer use only. . The principal objec- 
tion raised to the use of exhaust steam has been the higher back- 
pressure required on the engines, resulting in a loss of power nearly 
proportional to the ratio of the back-pressure to the mean eflfective 
pressure. There are two ways of offsetting this loss — one, by raising 
the initial or boiler pressure; and the other, by increasing the cut- 
off of the engine. Engines]are usually designed to work most econom- 
ically at a given cut-off, so that in most cases it is undesirable to 
change it to any extent. Raising the boiler pressure, on the other 
hand, is not so objectionable if the increase amounts to only a few 
pounds. 

Under ordinary conditions in the case of a simple engine, a rise 
of 3 pounds in the back-pressure calls for an increase of about 5 
pounds in the boiler pressure, to maintain the same power at the 
engine. 

The indicator card shows a back-pressure of about 2 pounds 
when an engine is exhausting into the atmosphere, so that an increase 
of 3 pounds would bring the pressure up to a total of 5 pounds which 
should be more than sufficient to circulate the steam through any 
well-designed heating system. 

If it is desired to reduce rather than increase the back-pressure, 
one of the so-called vacuum sysiemsy described later, can be used. 

The systems of steam heating which have been described are 
those in which the water of condensation flows back into the boiler 
by gravity. Where exhaust steam is used, the pressure is much below 
that of the boiler, and it must be returned either by a pump or by a 
return trap. The exhaust steam is often insufficient to supply the 
entire heating system, and must be supplemented by live steam taken 
directly from the boiler. This must first pass through a reducing 
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valve in order to reduce the pressure to correspond with that carried 
in the heating system. 

An engine does not deliver steam continuously, but at regular 
intervals, at the end of each stroke; and the amount is likely to vary 
with the work done, since the governor is adjusted to admit steam in 
such a quantity as is required to maintain a uniform speed. If the 
work is light, very little steam will be admitted to the engine; and 
for this reason the supply available for heating may vary somewhat, 
depending upon the use made of the power delivered by the engine. 
In mills the amount of exhaust steam is practically constant; in 
office buildings where power is used for lighting, the variation is 
greater, especially if power is also required for the running of elevators. 

The general requirements for a successful system of exhaust 
steam heating include a system of piping of such proportions that 
only a slight increase in back-pressure will be thrown upon the engine; 
a connection which shall automatically supply live steam at a reduced 
pressure as needed; provision for removing the oil from the exhaust 
steam ; a relief or back-pressure valve arranged to prevent any sudden 
increase in back pressure on the engine; and a return system of some 
kind for returning the water of condensation to the boiler against 
a higher pressure. These requirements may be met in various ways, 
depending upon actual conditions found in diflferent cases. 

To prevent sudden changes in the back-pressure, due to irregular 
supply of steam, the exhaust pipe from the engine is often carried to 
a closed tank having a capacity from 30 to 40 times that of the engine 
cylinder. This tank may be provided with baffle-plates or other 
arrangements and may serve as a separator for removing the oil from 
the steam as it passes through. 

Any system of piping may be used; but great care should be 
taken that as little resistance as possible is introduced at bends and 
fittings ; and the mains and branches should be of ample size. Usually 
the best results are obtained from the system in which the main steam 
pipe is carried directly to the top of the building, the distributing pipes 
being run from that point, and the radiating surfaces supplied by a 
down-flowing current of steam. 

Before taking up the matter of piping in detail a few of the more 
important pieces of apparatus will be described in a brief way. 

Reducing Valves. The action of pressure-reducing valves has 
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been taken up quite fully in "Boiler Accessories," and need not be 
repeated here. When the reduction in pressure is large, as in the 
case of a combined power and heating plant, the valve may be one or 
two sizes smaller than the low-pressure main into which it discharges. 
For example, a 5-inch valve will supply an 8-inch mainv a 4-inch a 
6-inch main, a 3-inch a 5-inch main, a 2i-inch a 4-inch main, etc. 

For the smaller sizes, the difference should not be more than one 
size. All reducing valves should be provided with a valved by-pass 
for cutting out the valve in case of repairs. This connection is usually 
made as shown in plan by Fig. 112. 

Grease Extracton When exhaust steam is used for healing pur- 
poses, it must first be passed through some form of separator for 
removing the oil; and as an additional precaution it is well to pass the 
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Fig. Ill Connections of Reducing Valve in Exhaust-Steam Heating System. 

water of condensation through a separating tank before returning it to 
the boilers. 

Such an arrangement is shown in Fig. 113. As the oil collects 
on the surface of the water in the tank, it can be made to overflow 
into the sewer by closing the valve in the connection with the receiving 
tank, for a short time. 

As much of the oil as possible should be removed before the 
steam enters the pipes and radiators, else a coating will be formed on 
their inner surfaces, which will reduce their heating efficiency. The 
separation of the oil is usually effected by introducing a series of 
baffling plates in the path of the steam; the particles of oil striking 
these are stopped, and thus separated from the steam. The oil drops 
into a receiver provided for this purpose and is discharged through a 
trap to the sewer. 

In the separator, or extractor, shown in Fig. 114, the separation is 
accomplished by a series of plates placed in a vertical position in the 
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body of the separator, through which the steam must pass. These 
plates consist of upright hollow columns, with openings at regular 
intervals for the admission of w^ater and oil, which drain downward 
to the receiver below. The steam takes a zigzag course, and all of 
it comes in contact with the intercepting plates, which insures a 
thorough separation of the oil and other solid matter from the steam. 
Another form, shown in Fig. 115, gives excellent results, and has the 
advantage of providing an equalizing chaml>er for overcoming, to 
some extent, the unequal pressure due to the varying load on the 
engine. It consists of a tank or receiver about 4 feet in diameter, 
with heavy boiler-iron heads slightly crowned to give stiffness. 
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Fig. 113. Separator for Removing OU from Exliaust Steam and Water Condensation. 

Through the center is a layer of excelsior (wooden shavings of long 
fibre) about 12 inches in thickness, supported on an iron grating, 
with a similar grating laid over the top to hold it in place. The 
steam enters the space below the excelsior and passes upward, as 
shown by the arrows. The oil is caught by the excelsior, which can 
be renewed from time to time as it becomes saturated. The oil and 
water which fall to the bottom of the receiver are carried oflf through 
a trap. Live steam may be admitted through a reducing valve, for 
supplementing the exhaust when necessary. 

Back-Pressure Valve. This is a form of relief valve which is 
placed in the outboard exhaust pipe to prevent the pressure in the 
heating system from rising above a given point. Its office is the 
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reverse of the reducing valve, which supplies more steam when 
the pressure becomes too low. The form shown in Fig. 116 is 
designed for a vertical pipe. The valve proper consists of two discs 
of unequal area, the combined area of which equals that of the pipe. 
The force tending to open the valve is that due to the steam pressure 
acting on an area equal to the difference in area between the two discs; 
it is clear from the cut that the 

pressure acting on the larger -^ , _ ' - ^^ 

disc tends to open the valve 
while the pressure on the smal- 
ler acts in the opposite direc- 
tion. The valve-stem is con- 
nected by a link and crank 
arm with a spindle upon which 
is a lever and weight outside. 
As the valve opens, the weight 
is raised, so that, by placing it 
in different positions on the 
lever arm, the valve will open 
at any desired pressure. 

Fig. 117 shows a different 
type, in which a spring is used 
instead of a weight. This 
valve has a single disc moving S^CEIWP 
in a vertical direction. The 
valve stem is in the form of a 
piston or dash-pot which pre- 
vents a too sudden movement 
and makes it more quiet in 
its action. The disc is held 
on its seat against the steam 
pressure by a lever attached 
to the spring as shown. WTien 
the pressure of the steam on the underside becomes greater than the 
tension of the spring, the valve lifts and allows the steam to escape. 
The tension of the spring can be varied by means of the adjusting 
screw at its upper end. 

A back-pressure valve is simply a low-pressure safety-valve 
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designed with a specially large opening for the passage of steam 
through it. These valves are made for horizontal as well as for 
vertical pipes. 
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Fig. 116. Oil Separator Consisting of a Tank In which Steam Is Filtered by Passing 
Upward through a Thayer of ExceI??lor. 



Exhaust Head. This is a form of separator placed at the top 
of an outboard exliaust pipe to prevent the water carried up in the 
steam from falling upon the roofs of buildings or in the street below. 
Fig. 118 IS known as a centrifugal exhaust head. The steam, on 

entering at the bottom, is given a 
whirling or rotary motion by the 
spiral deflectors; and the water is 
thrown outward by centrifugal force 
against the sides of the chamber, from 
which it flows into the shallow trough 
at the base, and is carried away through 
the drip-pipe, which is brought down 
and connected with a drain-pipe in- 
side the building. The passage of the 
steam outboard is shown by the arrows. 
Other forms are used in which the 
water is separated from the steam by 
deflectors which change the direction of 
the currents. 
Automatic Return-Pumps. In exhaust heating plants, the 
condensation is returned to the boilers by means of some form of 
return-pump. * A combined pump and receiver of the form illus- 




Flg. 116b Automatically Acting Back 
Pressure Valve Attached to Ver- 
tical Pipe. For Preventing 
Rise of Pressure in System 
above any Desired 
Point. 
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trated in Fig. 119 is generally used. This consists of a cast-iron or 
wrought-iron tank mounted on a base in connection with a boiler 
feed-pump. Inside the tank is a ball-float connected by means of 
levers with a valve in the steam pipe which is connected with the 
pump. When the water-line in the tank rises above a certain level, 
the float is raised and opens the steam valve, which starts the pump. 
When the water is lowered to its normal level, the valve closes and 
the pump stops. By this arrangement, a constant water-line is 
maintained in the receiver, and the pump runs only as needed to care 
for the condensation as it returns from the heating system. If dry 
returns are used, they may be brought together and connected with 
the top of the receiver. If it is desired to seal the horizontal runs, as 





Pig. 117. Back-Pressure Valve Automatic- 
ally Operated by a Spring. 



Pig. 118. Centrifugal Exhaust Head. 



is usually the case, the receiver may be raised to a height sufficient 
to give the required elevation and the returns connected near the 
bottom below the water-line. 

A balance-pipe, so called, should connect the heating main with 
the top of the tank, for equalizing the pressure; otherwise the steaqi 
above the water would condense, and the vacuum thus formed would 
draw all the water into the tank, leaving the returns practically empty 
and thus destroying the condition sought. Sometimes an inde- 
pendent regulator or pump governor is used in place of a receiver. 
One type is shown in Fig. 120. The return main is connected at 



141 



Digitized by 



Google 



132 



HEATING AND VENTILATION 



the upper opening, and the pump suction at the lower. A float inside 
the chamber operates the steam valve shown at the top, and the pump 
works automatically as in the case just described. 

If it is desired to raise the water-line, the regulator may be 
elevated to the desired height and connections made as shown in 
Fig. 121. 

Return Traps. The principle of the return trap has been de- 
scril)cd in ** Boiler Accessories, "-but its practical form and application 




Pig. 119. Ck>mbined Receiver and Automatic Pump for Returning Water of 
Condensation to Boiler. 

will be taken up here. The type shown in Fig. 122 has all its working 
parts outside the trap. It coasists of a cast-iron Iwwl pivoted at G and 
II, There is an opening through G connecting with the inside of 
the lx)wl. The pipe K connects through C with an interior pipe 
opening near the top (see Fig. 123). The pipe D connects with a 
i-eceiver, into which all the returns are brought. A is a check-valve 
allowing water to piiss through in the direction shown by the arrow. 
£ is a pipe connecting with the boiler below the water-line. B is a 
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check opening toward the boiler, and K, a pipe connected with the 
steam main or drum. 

The action of the trap is as fol- 
lows : As the bowl fills with water from 
the receiver, it overbalances . the 
weighted lever and drops to the bot- 
tom of the ring. This opens the valve 
C, and admits steam at boiler presr 
sure to the top of the trap. Being at 
a higher level the water flows by grav- 
ity into the boiler, through the pipe E. 
Water and steam are kept from passing 
out through D by the check A. 

When the trap has emptied it- 
self, the weight of the ball raises it 
to the original position, which movement closes the valve C and opens 
the small vent F. The pressure in the bowl being reUeved, water 
flows in from the receiver through D, until the trap is filled, when the 




Fig. 130. Automatic Float-Operated 

Pump Governor Used instead 

of a Receiver. 



(HQ AUTOMATiC VALVE 
J L. TO PUMP 




Fig. 121. Pump Regulator Placed at Sufficient Ucight to Raise Water-Line to 
Point Desired. 

process is repeated. In order to work satisfactorily, the trap should 
be placed at least 3 feet above the water-level in the boiler, and the 
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Fig. 122. Return Trap with Work- 
ing Parts External. 



pressure in the returns must always be sufficient to raise the water 
from the receiver to the trap against atmospheric pressure, which is 
theoretically about 1 pound for every 2 feet in height. In practice 
there will be more or less friction to 
overcome, and suitable adjustments must 
be made for each particular case. 

Fig. 124 shows another form of trap 
acting upon the same principle, except 
that in this case the steam valve is oper- 
ated by a bucket or float inside the trap. 
The pipe connections are practically the 
same as with the trap just described. 

Return traps are more commonly 
used in smaller plants where it is desired 
to avoid the expense and care of a pump. 

Damper-Regulators. Every heating and every power plant 
should be provided with automatic means for closing the dampers 
when the steam pressure reaches a certain point, and for opening 
them again when the pressure drops. There are various regulators 
designed for this purpose, a simple form of which is shown in Fig. 125. 

Steam at boiler pres- 
sure IS admitted beneath a 
diaphragm wfiich is bal- 
anced by a weighted lever. 
When the pressure rises to a 
certain point, it raises the 
lever slightly and opens a 
valve which admits water 
under pressure above a dia- 
phragm located near the 
smoke-pipe. This action 
forces down a lever con- 
nected by chains with the 

Pig. 123. Showing Interior Detail of Return Trap* damper, and closeS it. 

^''''«''^'- WTien the steam pressure 

drops, the water-valve is closed, and the different parts of the 
ai)pardtus take their original positions. 

Another form similar in principle is shown in Fig. 120. In this 
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case a piston is operated by the water-pressure, instead of a diaphragm. 
In both types the pressures at which the damper shall open and close 
arc regulated by suitable adjustments of the weights upon the levers. 
Pipe Connections. The method of making the pipe connections 
in any particular case will depend upon the general arrangement 
of the apparatus and the various conditions. Fig. 1J7 illustrates 




Pig. 134. Return Trap with Steam Valve Operated by Bucket or Float Inside. 

the general principles to be followed, and by suitable changes may be 
used as a guide in the design of new systems. 

Steam first passes from the boilers into a large drum or header. 
From this, a main, provided with a shut-off valve, is taken as shown; 
one branch is carried to the engines, while another is connected with 
the heating system through a reducing valve having a by-pass and 
cut-out valves. The exhaust from the engines connects with the large 
main over the boilers at a point just above the steam drum. The 
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branch at the right is carried outboard through a back-pressure 
valve which may be set to carry any 'desired pressure on the system. 
The other branch at the left passes through an oil separator into the 
heating system. The connections between the mains and radiators 
are made in the usual way, and the main return is carried back to the 
return pump near the floor. A false water-line or seal is obtained by 
elevating the pump regulator as already described. An equalizing 
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Fig. 125. Simple Form (if Automatic Damper-lieKulator, Operated by Lever Attached to 
Diaphragm, for Closing Dampers when Steam Pressure Reaches a Certain Point. 

or balance pipe connects the top of the regulator with the low-pressure 
heating main, and high pressure is supplied to the pump as shown. 

A sight-feed lubricator should Ikj placed in this pipe above the 
automatic valve; and a valval by-pa.ss should be placed around the 
regulator, for running the pump in case of accident or repairs. The 
oil separator should be drained through a special oil trap to a catch- 
basin or to the sewer; and the steam drum or any other low points 
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or pockets in the high-pressure piping should be dripped to the 
return tank through suitable traps. 

Means should be provided |or draining all parts of the system 
to the sewer, and all traps and special apparatus should be by-passed. 
The return-pump should always be duplicated in a plant of any size, 
as a safeguard against accident; and the two pumps should be run 
alternately, to make sure that one is always in working order. 




Fig. 130. Automatic Damper-Regulator Operated by Piston Actuated 
by Water-Pressure. 



One piece of apparatus not shown in Fig. 127 is the feed-water 
heater. If all of the exhaust steam can be utilized for heating pur- 
poses, this is not necessary, as the cold water for feeding the boilers 
may be discharged into the return pipe and be pumped in with the 
condensation. In summertime, however, when the heating plant is 
3::;t in use, a feed-water heuier is iiecessary, as a large amount of heat 
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which would otherwise be wasted may be saved in this way. The 
connections will depend somewhat upon the form of heater used; 
but in general a single connection with the heating main inside the 
back-pressure valve is all that is necessary. The condensation from 
the heater should be trapped to the sewer. 
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VACUUM SYSTEMS 

LowrPressure or Vacuum Systems. In the systems of steam 
heating which have been described up to this point, the pressure 
carried has always been above that of the atmosphere, and the action 
of gravity has been depended upon to carry the water of condensation 
back to the boiler or receiver; the air in the radiators has been forced 
out through air-valves by the pressure of steam back of it. Methods 
will now l)e taken up in which the pressure in the heating system is 
less than the atmosphere, and where 
the circulation through the radiators is 
produce<l by suction rather than by 
pressure. Systems of this kind have 
several advantages over the ordinary 
methods of circulation under pressure. 
First — no back-pressure is produced 
at the engines when used in connection 
with exhaust steam; but rather there 
will be a reduction of pressure due to 
the partial vacuum existing in the radia- 
tors. Second. — there is a complete 
removal of air from the coils and 
radiators, so that all portions are 
steam-filled and available for heating 
purposes. Third — there is complete drainage through the returns, 
especially those having long horizontal runs; and there is absence of 
water-hammer. Fourth — smaller return pipes may be used. 
The two older systems of this kind in common use are known as the 
Webster and Paul systems; other systems of recent introduction are 
described in the Instruction Paper on Steam and Hot-Water Fitting. 

Webster System. This consists primarily of an automatic outlet- 
valve on each coil and radiator, connected with some form of suction 
apparatus such as a pump or ejector. One type of valve used is 




Fiff. 188, Air Outlet- Valve for Radi- 
ator, Automatically Operated by 
ExiMinslon aud Contraction 
of Vulcanite Stem. 
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Flp. 129. Thermostat At- 
tached to Angle- Valve with 
Top Removed. 



shown in section in Fig. 128, which replaces the usual hand-valve at 

the return end of the radiator. It is similar in construction to some 

of the air-valves already described, consisting of a rubber or vulcanite 

stem closing against a valve opening when 

made to expand by the presence of steam. 

When water or air fills the valve, the stem 

contracts and allows it to be sucked out 

as shown by the arrows. A perforated 

metal strainer surrounds the stem or ex- 
pansion piece, to prevent dirt and sediment 

from clogging the valve. 

Fig. 129 shows the valve — or thermostat , 

as it is called — attached to an ordinary 

angle-valve with the top removed; and Fig. 

130 indicates the method of draining the 

bottoms of risers or the ends of mains. 
Fig, 131 shows another form of this 

valve, called a water-seal motor. This is 

used under practically the same conditions 

as the one described above. Its action is as follows: 

Ordinarily, the seal A is down, and the central tube-valve is 

resting upon the seat, closing the port K and preventing direct com- 
munication between the interior of 
the motor-body E and the outlet 
L. The outlet is attached to a pipe 
leading to a vacuum-pump, or 
other draining apparatus, which 
exhausts the space F above the seal 
through the annular space between 
the spindle B and the inside of the 
DTTopL^y central tube G. The water of 

^^'''^Bouo^ol'n^t^fTKnL^^^^^^ condensation, accumulating in the 

radiator or coil, passes into the 

chamber E, through the inlet C, rises in the chamber, and seals the 

space between the seal-shell A and the sleeve of the bonnet D. The 

differential pressure thus created causes the seal A to rise, lifting the 

end of the central tube off the seat, thus opening a clear passageway 

for the ejection of the water of condensation. 
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"When all the water of condensation has been drawn out of the 
radiator, the seal and tube are reseated by gravity, thus closing the 
port K, preventing waste or loss of steam ; and the pressure is equal- 
ized above and below the seal because of the absence of water. This 
action is practically instantaneous. When the condensation is small 
in quantity, the discharge is intermittent and rapid. 

The space between the seal A and the sleeve of the bonnet D, 
and the annular space between the central tube G and the spindle B, 




Pig. 131. Water-Seal Motor. 

form a passageway through which the air is continually withdrawn by 
the vacuum pump or other draining apparatus. 

The action outlined continues as long as water is present. 

No adjustment whatever is necessary; the motor is entirely auto- 
matia 

One special advantage claimed for this system is that the amount 
of steam admitted to the radiators may be regulated to suit the require- 
ments of outside temperature; and is possible without wate**- 
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logging or hammering. This may be done at will by closing down on 
the inlet supply to the desired degree. The result is the admission 
of a smaller amount of steam to the radiator than it is calculated to 
condense normally. The condensation is removed as fast as formed, 
by the opening of the thermostatic valve. • 

The general application of this system to exhaust heating is 
shown in Fig. 132. Exhaust steam is brought from the engine as 
shown; one branch is connected with a feed-water heater, while the 
other is carried upward and through a grease extractor, where it 
branches again, one line leading outboard through a back-pressure 
valve and the other connecting with the heating main. A live steam 
connection is made through a reducing valve, as in the ordinary 
system. Valved connections are made with the coils and radiators 
in the usual manner; but the return valves are replaced by the special 
thermostatic valves described above. 

The main return is brought down to a vacuum pump which dis- 
charges into a return tank, where the air is separated from the water 
and passes off through the vapor pipe at the top. The condensation 
then flows into the feed-water heater, from which it is automatically 
pumped back into the boilers. The cold-water feed supply is con- 
nected with the return tank, and a small cold-water jet is connected 
into the suction at the vacuum pump for increasing the vacuum in the 
heating system by the condensation of steam at this point. 

Paul System. In this system the suction is connected with the 
air-valves instead of the returns, and the vacuum is produced by 
means of a steam ejector instead of a pump. The returns are carried 
back to a receiving tank, and pumped back to the boiler in the usual 
manner. The ejector in this case is called the exhaiister. 

Fig. 133 shows the general method of making the pipe connections 
with the radiators in this system; and Fig. 134, the details of connec- 
tion at the exhauster. 

A A are the returns from the air-valves, and connect with the 
exhausters as shown. Live steam is admitted in small quantities 
through the valves B B ; and the mixture of air and steam is discharged 
outboard through the pipe C D D are gauges showing the pressure 
in the system; and E E are check-valves. The advantage of this 
system depends principally upon the quick removal of air from the 
various radiators and pipes, which constitutes the principal obstruction 
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to circulation; the inductive action in many cases is sufficient to cause 
the system to operate somewhat l)elow atmospheric pressure. 

Where exhaust steam is ustnl for heating, the radiators should 




muL sfSTEkt or Me4fm$ 



Fig. 133. Showing General Method of Making Pipe andlRadiator Connections in 

Paul System. 



be somewhat increased in size, owing to the lower temperature of 
the steam. It is common practice to add from 20 to 30 per cent to 
the sizes required for low-pressure live steam. 
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FORCED BLAST 

In a system of forced circulation by means of a fan or blower 
the action is positive and practicaHy constant under all usual con- 
ditions of outside temperature and wind action. This gives it a 
decided advanta^ over natural or gravity methods, which are af- 
A A 




3 3 

Fig. 184. Details of Connections at Exhauster, Paul System. 

fected to a greater or less degree by changes in wind-pressure, and 
makes it especially adapted to the ventilation and warming of large 
buildings such k& shops, factories, schools, churches, halls, theaters, 
etc., where large and definite air-quantities are required. 

Exhaust Method. This consists in drawing the air out of a 
building, and providing for the heat thus carried away by placing 
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steam coils uiider windows or in other positions where the inward 
leakage is supposed to be the greatest. When this method is used, a 
partial vacuum is created within the building or room, and all currents 
and leaks are inward; there is nothing to govern definitely the quality 
and place of introduction of the air, and it is difficult to provide suit- 
able means for warming it. 

Plenum Method. In this case the air is forced into the building, 
and its quality, temperature, and point of admission are completely 
under control. All spaces are filled with air under a slight p-essure, 
and the leakage is outward, thus preventing the drawing of foul air 
into the room from any outside source. But above all, ample oppor- 
tunity is given for properly warming the air by means of heaters, 
either in direct connection with the fan or in separate passages leading 
to the various rooms. 

Form of Heating Surface. The best type of heater for any 
particular case will depend upon the volume and final temperature 
of the air, the steam pressure, and the available space. When the 
air is to be heated to a high temperature for both warming and venti- 
lating a building, as in the case of a shop or mill, heaters of the general 
form shown in Figs. 135, 136, and 137 are used. These may also be 
adapted to all classes of work by varying the proportions as required. 
They can be made shallow and of large superficial area, for the com- 
paratively low temperatures used in purely ventilating work; or 
deeper, with less height and breadth, as higher temperatures are 
required. 

Fig. 135 shows in section a heater of this type, and illustrates 
the circulation of steam through it. It consists of sectional cast-iron 
bases with loops of wrought-iron pipe connected as shown. The 
steam enters the upper part of the bases or headers, and passes up 
one side of the loops, then across the top and down on the other side, 
where the condensation is taken off through the return drip, which 
is separated from the inlet by a partition. These heaters are made 
up in sections of 2 and 4 rows of pipes each. The height varies from 
3 J to 9 feet, and the width from 3 feet to 7 feet in the standard sizes. 
They are usually made up of 1-inch pipe, although 1 J-inch is commonly 
used in the larger sizes. Fig. 136 shows another form; in this case 
all the loops are made of practically the same length by the special 
form of construction shown. This is claimed to prevent the short- 
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circuiting of steam through the shorter loops, which causes the outer 
pipes to remain cold. This form of heater is usually encased in a 




Fig. 135. Showing Circulation of Steam in Large Coll-Pipe Radiator for 
Heating Mills, Shops, etc. 

sheet-steel housing as shown in Fig. 137, but may be supported on a 
foundation between brick walls if desired. 
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Fig. 138 shows a special foim of heater particularly adapted to 
ventilating work where the air does not have to be raised above 70 or 
80 degrees. It is made up of 1-inch wrought-iron pipe connected 




u 

o 



O 
O 



a 






w^ith supply and return headers; each section contains 14 pipes, and 
they are usually made up in groups of 5 sections each. These coils 
arc supported upon tee-irons resting upon a brick foundation. Heat- 



160 



Digitized by 



Google 



HEATING AND VENTILATION 



151 



ers of this form are usually made to extend across the side of a room 
with brick walls at the sides, instead of being encased in steel housings. 

Fig. 139 shows a front view of a cast-iron sectional heater for 
use under the same conditions as the pipe heaters already described. 
This heater is made up of several banks, of sections, like the one shown 
in the cut, and enplosed in a steel-plate casing. 

Cast-iron indirect radiators of the pin type are well adapted for 
use in connection with mechanical ventilation, and also for heating 




Fig. 137. Large Coll-Plpe Radiator Encased in Sheet-Steel Housing. 

where the air-volume is large and the temperature not too high, as 
in churches and halls. They make a convenient form of heater for 
schoolhouse and similar work, for, being shallow, they can be sup- 
ported upon I-beams at such an elevation that the condensation will be 
returned to the boilers by gravity. 

In the case of vertical pipe heaters, the bases are below the water- 
line of the lx)ilers, and the condensation must be returned by the use 
of pumps and traps. » 
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Efficiency of Pipe Heaters. The efficiency of the heaters used in 
connection with forced blast varies greatly, depending upon the 
temperature of the entering air, its velocity between the pipes, the 
temperature to which it is raised, and the steam pressure carried in 
the heater. The general method in \^hich the heater is made up is 
also an important factor. 

In designing a heater of this kind, care must be taken that the 
free area between the pipes is not contracted to such an extent that 
an excessive velocity will be required to pass the given quantity of 
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Pig. 138. Heater Esi>ecially Adapted to Ventilation where Air does not Have to be Heated 

above 70 to 80 degrees F. 

air through it. In ordinary work it is customary to assume a velocity 
of 800 to 1,000 feet per minute; higher velocities call for a greater 
pressure on the fan, which is not desirable in ventilating work. 

In the heaters shown, about .4 of the total area is free for the 
passage of air; that is, a heater 5 feet wide and 6 feet high would 
have a total area of 5 X 6 = 30 square feet, and a free area between 
the pipes of 30 X .4 = 12 square feet. The depth or number of rows 
of pipe does not affect the free area, although the friction is increased 
and additional work is thrown upon the fan. The eflSciency in any 
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given heater will be increased by increasing the velocity of the air 
through it; but the final temperature will be diminished; that is, 
a larger quantity of air will be heated to a lower temperature in the 
second case, and, while the total heat given off is greater, the air- 
quantity increases more rapidly than the heat-quantity, which causes 
a drop in temperature. 

Increasing the number of rows of pipe in a heater, with a con- 
stant air-quantity, increases the final temperature of the air, but 
diminishes the eflBciency of the heater, because the average difference 
in temperature between the air and the steam is less. Increasing 
the steam pressure in the 




heater (and consequently its 
temperature) Increases both 
the final temperature of the 
air and the efficiency of the 
heater. Table XXX has been 
prepared from different tests, 
and may be used as a guide 
in computing probable results 
under ordinary working con- 
ditions. In this table it is 
assumed that the air enters 
the heater at a temperature of 
zero and passes between the 
pipes with a velocity of 800 
feet per minute. Column 1 
gives the number of rows of 
'pipe in the heater, ranging 
from 4 to 20 rows; and columns 2, 3, and 4, show the final tempera- 
ture to which the entering air will be raised from zero under various 
pressures. Under 5 pounds pressure, for example, the rise in tem- 
perature ranges from 30 to 140 degrees; under 20 pounds, 35 to 150 
degrees; and under 60 pounds, 45 to 170 degrees. Columns 5, 6, and 
7 give approximately the corresponding efficiency of the heater. For 
example, air passing through a heater 10 pipes deep and carrying 20 
pounds pressure, will be raised to a temperature of 90 degrees, and 
the heater will have an efficiency of 1,650 B. T. U. per square foot of 
surface per hour. 



ig. 189. Front View of Cast-iron Sectional 
Heater. Tbe Banks of Sections are £n* 
closed In a Steel-Plate Casing. 
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TABLE XXX 

Data Concerning Pipe Heaters 

Temperature of entering air, zero. — Velocity of air between the pipes, 
800 feet per minute. 





TEMPERATTRe TO WHICH AlR WILL 


EpririENCY OP 


Hkatino Surface inB, T.U.. 




BK Rawed prom Zero 


PER Square Foot per Hour 


Rown or 






PiP£ Dekp 


Stflam PmBure In Heat«r 


Steam Pmsure In Heater 




5 Iba. 
30 


20 lbs. 
35 


601bfl. 


6 lbs. 


20 lbs. 


(X)lbs. 


4 


45 


1,600 


1,800 


2,000 


6 


50 


55 


65 


1,600 


1,800 


2,000 


8 


65 


70 


85 


1,500 


1,650 


1,850 


10 


80 


90 


105 


1.500 


1,650 


1,850 


12 


95 


105 


125 


1,500 


1,650 


1,850 


14 


105 


120 


140 


1,400 


1,500 


1,700 


16 


120 , 130 


150 


1.400 


1,500 


1,700 


18 


130 1 140 


160 


1,300 


1,400 


1,600 


•20 


140 150 


170 


1,300 


1,400 


1,600 



For a velocity of 1,000 feet, multiply the temperatures given in 
the table by .9, and the efficiencies by 1 .1. 

Example, How many st^uare feet of radiation will be required to raise 
600,000 cubic feet of air per hour from zero to 80 degrees, with a velocity 
through the heater of 800 feet per minute and a steam pressure of 5 pounds? 
What must be the total area of the heater front, and how many row^s of 
pipes must it have? 

Referring back to the formula for heat re(|uire(l for ventilation, 
we have 

J500.000 X SO _ g^2,727 B. T. U. reciuirecl. 
55 

Referring to Table XXX, we find that for the above conditions a 
heater 10 pipes deep is required, and that an efficiency of 1,500 

C79 797 
B. T. U. will be obtained. Then -' '^ = 582 square feet of 

1 ,oUu 

surface required, which may be taken as 600 in round numbers.* 

600,000 ,r.r^ I' f , f ' ' . 1 10,000 -^ . 

— '— = 10,000 cubic feet of air per minute; and = 12.5 

60 800 

square feet of free area recjuired through the heater. If we assume ' 

.4 of the total heater front to be free for the passage of air, then 

12 5 

— ^ =^ 31 scjuare feet, the total area recjuired. 
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. For convenience in estimating the approximate dimensions of 
a heater, Table XXXI is given. The standard heaters made by dif- 
ferent manufacturers vary somewhat, but the dimensions given in 
the table represent average practice. Column 3 gives the square 
feet of heating surface in a single row of pipes of the dimensions given 
in columns 1 and 2; and column 4 gives the free area between the 
pipes. 

TABLE XXXI 
Dimensions of Heaters 



Width or Section 


Heioht or Pipes 


Square Feet or 

SURTACE 


Fhkk Akea through 
Heater in 8q. Ft. 


3 feet 
3 " 
3 " 
3 " 


3 feet 6 inches 

4 " " 

4 " 6 " 

5 " " 


20 
22 
25 

28 


4.2 
4.8 
5.4 
6.0 


4 " 
4 " 
4 " 
4 " 


4 " 6 " 

5 " '* 

5 " 6 " 

6 '' '^ 


34 
38 
42 
45 


7.2 
8.0 
8.8 
9.6 


5 " 
5 '' 
5 " 
5 " 


5 " 6 '' 

6 " " 

6 " 6 " 

7 " " 


52 
57 
62 
67 


11.0 
12.0 
13.0 
14.0 


6 " 
6 " 
6 " 
6 " 


6 " 6 " 

7 '* " 

7 " 6 " 

8 " " 


75 

81 
87 
92 


15.6 
16.8 
18.0 
19.2 


7 '' 
7 " 
7 " 
7 " 


7 " 6 '* 

8 '* " 

8 " 6 " 

9 '* " 


98 
108 
109 
116 


21.0 
22.4 
23.8 
25.2 



In calculating the total height of the heater, add 1 foot for the 
base. 

These sections are made up of 1-inch pipe, except the last or 
7-foot sections, which are made of IJ-inch pipe. 

Using this table in connection with the example just given, we 
should look in the last column for a section having a free area of 12.5 
square feet; here we find that a 5 feet by 6 feet 6 inches section has a 
free opening of 13 square feet and a radiating surface of 62 scjuare 
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feet. The conditions call for 10 rows of pipes and 10 X 62 = 620 
square feet of radiating surf ace, which is slightly more than called for, 
but which would be near enough for all practical purposes. 

EXAMPLE FOR PRACTICE 

Compute the dimensions of a heater to warm 20,000 cubic feet 
of air per minute from 10 below zero to 70 degrees above, with 5 
pounds steam pressure. 

Ans. 1,164 sq. ft. of rad. surface 10 pipes deep. 
25 sq. ft. free area through heater. 

Use twenty 5 ft. by 6 ft. sections, side by side, which gives 24 
square feet area and 1,140 square feet of surface. 

The general method of computing the size of heater for any given 

building is the same as in the case of indirect heating. First obtain 

the B. T. U. required for ventilation, and to that add the heat loss 

through walls, etc.; and divide the result by the efficiency of the 

heater under the given conditions. 

Example. An audience hall is to be provided with 400,000 cubic feet 
of air per hour. The heat loss through walls, etc., is 250,000 B.T.U. per 
hour in zero weather. What will be the size of heater, and how many rows 
of pipe deep must it be, with 20 pounds steam pressure? 

400,0(X)X70 ^ 509 Q9Q g, t. U. for ventilation. 
55 
Therefore 250,000 + 509,090 = 759,090 B. T. U., total to be supplied. 
We must next find to what temperature the entering air must 
be raised in order to bring in the required amount of heat, so that the 
number of rows of pipe in the heater may be obtained and its corre- 
sponding efficiency determined. We have entering the room for pur- 
poses of ventilation, 400,000 cubic feet of air every hour, at a tempera- 
ture of 70 degrees; and the problem now becomes: To what tem- 
perature must this air be raised to carry in 250,000 B. T. U. additional 
for warming? 

We have learned that 1 B. T. U. will raise 55 cubic feet of air 
1 degree. Then 250,000 B. T. U. will raise 250,000 X 55 cubic 
feet of air 1 degree. 

^0,00q^X 55 ^ 34 , 
400,000 
The air in this case must be raised to 70 + 34 = 104 degrees, to provide 
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for both ventilation and warming. Referring to Table XXX, we find 
that a heater 12 pipes deep will be required, and that the corre- 
sponding efficiency of the heater will be 1,650 B. T. U. Then * 

1,650 

= 460 square feet of surface required. 

Efficiency of Cast-iron Heaters. Heaters made up of indirect 
pin radiators of the usual depth, have an efficiency of at least 1,500 
B. T. U., with steam at 10 pounds pressure, and are easily capable of 
warming air from zero to 80 degrees or over when computed on this 
basis. The free space between the sections bears such a relation to 
the heating surface that ample area is provided for the flow of air 
through the heater, without producing an excessive velocity. 

The heater shown in Fig. 139 may be counted on for an effi- 
ciency at least equal to that of a pipe heater; and in computing the 
depth, one row of sections may be taken as representing 4 rows of 
pipe. 

Pipe Connections. In the heater shown in Fig. 135, all the 
sections take their supply from a common header, the supply pipe 
connecting with the top, and the return being taken from the lower 
division at the end, ks shown. 

In Fig. 137 the base is divided into two parts, one for live steam, 
and the other for exhaust. The supply pipes connect with the upper 
compartments, and the drips are taken off as shown. Separate traps 
should be provided for the two pressures. 

The connections in Fig. 136 are similar to those just described, 
except that the supply and return headers, or bases, are drained 
through separate pipes and traps, there being a slight difference in 
pressure between the two, which is likely to interfere with the proper 
drainage if brought into the same one. This heater is arranged to 
take exhaust steam, but has a connection for feeding in live steam 
through a reducing valve if desired, the whole heater being under one 
pressure. 

In heating and ventilating work where a close regulation of 
temperature is required, it is usual to divide the heater into several 
sections,depending upon its size,and to provide each with a valve in the 
supply and return. In making the divisions, special care should be 
taken to arrange for as many combinations as possible. For example, 
a heater 10 pipes deep may be made up of three sections — one of 
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2 rows, and two of 4 rows each. By means of this division, 2, 4, 6, 8, 
or 10 rows of pipe can be used at one time, as the outside weather 
conditions may require. 

When possible, the return from each section should be provided 
with a water-seal two or three feet m depth. In the case of overhead 
heaters, the returns may be sealed by the water-line of the boiler or 
by the use of a special water-line trap; but vertical pipe heaters 
resting on foundations near the floor are usually provided with siphon 
loops extending into a pit. If this arrangement is not convenient, a 
separate trap should be placed on the return from each section. 
The main return, in addition to its connection with the bofler or 
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Fig. 140. Heater Made Up of Interchangeable Sections. 



pump receiver, should have a connection with the sewer for blowing 
out when steam is first turned on. Sometimes each section is pro- 
vided with a connection of this kind. 

Large automatic air-valves should be connected with each 
section; and it is well to supplement these with a hand pet-cock, 
unless individual blow-off valves are provided as described above. 

If the fan is driven by a steam engine, provision should be made 
for using the exhaust in the heater; and part of the sections should 
be so valved that they may be supplied with either exhaust or live 
steam. 
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Fig. 140 shows an arrangement in which all of the sections are 
interchangeable. 

From 50 to 60 square feet of radiating surface should be provided 
in the exhaust portion of the heater for each engine horse-power, 
and should be divided into at least three sections, so that it can be 
proportioned to the requirements of different outside temperatures. 

Pipe Sizes. The sizes of the mains and branches may be com- 
puted from the tables already given in Part II, taking into account 
the higher efficiency of the heater and the short runs of piping. 

Table XXXII, based on experience, has been found to give 
satisfactory results when the apparatus is near the boilers. If the 
main supply pipe is of considerable length, its diameter should be 
checked by the method previously given. 

TABLE XXXII 
Pipe Sizes 



Squarb.Febt of Surtace 


DiAMETBB 


OF Steam Pipe 


Diameter 


OF Return 


150 


2 


inches 


li inches 


300 


2i 




H 




500 


3 




2 




700 


3J 




2 




1,000 


4 




• 2i 




2,000 


5 




2i 




3,000 


6 




3 


tt 



Heaters of the patterns shown in Figs. 135, 136, and 137 are 
usually tapped at the factory for high or low pressure as desired, 
and these sizes may be followed in making the pipe connections. 

The sizes marked on Fig. 136 may be used for all ordinary work 
where the pressure runs from 5 to 20 pounds; for pressures above 
that, the supply connections may be reduced one size. 

FANS 

There are two types of fans in common use, known as the cen- 
trifugal fan or blower, and the disc fan or propeller. The former 
consists of a number of straight or slightly curved blades extending 
radially from an axis, as shown in Fig. 141. When the fan is in 
motion, the air in contact with the blades is thrown outward by the 
action of centrifugal force, and delivered at the circumference or 



169 



Digitized by 



Google 



100 



HEATING AND VENTILATION 



periphery of the wheel. A partial vacuum is thus produced at the 

center of the wheel, and air from the outside flows in to take the 

place of that which has been discharged. 

Fig. 142 illustrates the action of a centrifugal fan, the arrows 

showing the path of the air. 

This type of fan is usually 

enclosed in a steel -plate 

casing of such form as to 

provide for the free move- 
ment of the air as it es- 
capes from the periphery 

of the wheel. An opening 

in the circumference of the 

casing serves as an outlet 

into the distributing ducts 

which carry the air to the 

various rooms to be venti- 
lated. 

A fan with casing, is 

shown in Fig. 143; and a 

combined heater and fan, 

with direct-connected engine, is shown in Fig. 144. 

The discharge opening can be located in any position desired, 

either up, down, top horizontal, bottom horizontal, or at any angle. 

Where the height of the fan room is 
limited, a form called the three-quarter 
housing may be used, in which the lower 
part of the casing is replaced by a brick 
or cemented pit extending below the floor- 
level as shown in Fig. 145. 

Another form of centrifugal fan is 
shown in Fig. 146. This is known as the 
cone fan, and is commonly placed in an 
opening in a brick wall, and discharges air 
from its entire periphery into a room called 
a plenum chamber, with which the various 

distributing ducts connect. 

This fan is often made double by placing two wheels back to 




Fig. 141. Centrifugal Fan or Blower. 




Fig. Ui. Illustrating Action 
of Centrifugal Fan. The 
Arrows Show the Path of 
the Air. 
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FRONT VIEW OF SECTIONAL STEAM AND 
HOT-WATER BOILER 

Giblin & Co., Utlca. N. Y. 




SECTIONAL STEAM AND HOT-WATER BOILER 

Cut Open to Show Course Taken by Hot Oases and by Water 
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back and surrounding them with a steel casing in a similar manner 
to the one shown in Fig. 143. 

Cone fans are particularly adapted to church and schoolhouse 
work, as they are capable of moving large voluipes of air at moderate 
speeds. 

Fig. 147 shows a form of small direct-connected exhauster com- 
monly used for ventilating toilet-rooms, chemical hoods, etc. 

Centrifugal fans are used almost exclusively for supplying air 
for the ventilation of buildings, and for forced-blast heating. They 
are also used as exhausters 
for removing the air from 
buildings in cases where 
there is considerable resist- 
ance due to the small size 
or excessive length of the 
discharge ducts. 

General Pr oport i ons. 
The general form of a fan 
wheel is shown in Fig. 141, 
which represents a single 
spider wheel with curved 
blades. Those over 4 feet 
in diameter usually have 
two spiders, while fans of 
large size are often pro- 
vided with three or more. 
The number of floats or 
blades commonly varies 
from six to twelve, depending upon the diameter of the fan. They 
are made both curved and straight; the former, it is claimed, run 
more quietly, but, if curv^ed too much, will not work so well against 
a high pressure as the latter form. 

The relative proportions of a fan wheel vary somewhat in the 
case of different makes. The following are averages taken from fans 
of different sizes as made by several well-known manufacturers for 
general ventilating and similar work: 

Width of fan at center = Diameter X .52 

Width of fan at perimeter = Width at center X .8 

Diameter of inlet = Diameter of wheel X .68 




Fig. 143. Centrifugal Fan with Casing. 
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Fig. 144. Ck>mbinea Heater and Centrifugal Fan with Direct-Connected Engine. 




Fig. 145. Centrifugal Fan in 'Three-Quarter Housing." Used where Headroom is 
Limited; Extra Space Provided by Pit under Fioor-L.evel. 
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Fans are made both with double and with single inlets, the 
former being called blmvers and the latter exhausters. The size of 
a fan is commonly expressed in inches, which means the approximate 
height of the casing of a full-housed fan. The diameter of the wheel 
is usually expressed in feet, and can be found in any given case by 
dividing the size in inches by 20. For example, a 120-inch fan has a 
wheel 120 -^ 20 = 6 feet in diameter. 




Pig. 146. "Cone" Fan. Discharges through Opening In Wall into a "Plenum Chamber" 
Connecting with Distributing Ducts. 



Theory of Centrifugal Fans. The action of a fan is affected 
to such an extent by the various conditions under which it operates, 
that it is impossible to give fixed rules for determining the exact 
results to be expected in any particular instance. This being the 
case, it seems best to take up the matter briefly from a theoretical 
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standpoint, and then show what corrections are necessary in the 
case of a given fan under actual working conditions. 

There are various methods for determining the capacity of a 
fan at different speeds, and the power necessary to drive it; each 
manufacturer has his own formulee for this purpose, based upon 
tests of his own particular fans. The methods given here apply 
In a general way to fans having proportions which represent the 
average of several standard makes; and the results obtained will be 




png. 147. Small, Direct-Connected Exhauster for Ventilating Toilet-Rooms, Chemical 

Huods, etc. 

found to correspond well with those obtained in practice under 
ordinary conditions. 

As already stated, the rotation of a fan of this type sets in motion 
the air between the blades, which, by the action of centrifugal force, 
is delivered at the periphery of the wheel into the casing surrounding 
it. As the velocity of flow through the discharge outlet depends 
upon the pressure or head within the casing, and this in turn upon 
the velocity of the blades, it becomes necessary to examine, briefly 
into the relations existing between these quantities. 
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Pressure. The pressure referred to in connection with a fan, 
is that in the discharge outlet, and represents the force which drives 
the air through the ducts and flues. The greater the pressure with a 
given resistance in the pipes, the greater will be the volume of air 
delivered; and the greater the resistance, the greater the pressure 
required to deliver a given quantity. 

The pressure within a fan casing is caused by the air being 
thrown from the tips of the blades, and varies with the velocity of 
rotation; that is, the higher the speed of the fan, the greater will be 
the pressure produced. Where the dimensions of a fan and casing 
are properly proportioned, the velocity of air-flow through the outlet 
will be the same as that of the tips of the blades, and the pressure 
within the casing will be that corresponding to this velocity. 

Table XXXIII gives the necessary speed for fans of difTerent 
diameters to produce different pressures, and also the velocity of air- 
flow due to these pressures. 

TABLE XXXHl 
Fan Speeds, Pressures, and Velocities of Air-Flow 



.pa 


Diameter of Fan Wheel, in Feet 




« S or 


3 


4 


5 


6- 


' 1 ' 





10 


t^2 


"pen 


Revolutions per Minutk 




274 


206 


164 


137 


117 


103 


92 


82 


2,r)S5 


i 


336 


252 


202 


168 


144 


126 


112 


101 


3,105 


1 ' 


338 


291 


232 


194 


166 


146 


129 


116 


3,(i5.3 




433 


325 


260 


217 


186 163 


144 


130 


4,084 



The application of this table will be made plain by a brief dis- 
cussion of blast area. 

Blast Area. When the outlet from a fan casing is small, the air 
will pass out with a velocity equal to that of the tips of the blades; and 
the pressure within the casing will be that corresponding to the 
tip velocity. That is, a 3-foot fan wheel revolving at a speed of 274 
revolutions per minute will produce a pressure within the fan casing 
of J ounce per square inch, and will cause a velocity of flow through 
the (iischarge outlet of 2,585 feet per minute (see Table XXXIII). 
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Now, if the opening \ye slowly increa.se<l, while the speed of the fan 
remains constant, the air will continue to flow with the same velocity 
until a certain area of outlet is reache<l. If the outlet l>e still further 
increased, the pressure in the casing will lx*gin to drop, and the 
velocity of outflow In^comc less than the tip velocity. The effective 
area of outlet at the i)oint when this change Iw^gins to take place, is 
called the blast area or capacity area of the fan. This varies some- 
what with different types and makes of fans; but for the common 
form of blower, it is approximately J of the projected area of the fan 

opening at the periphery — that is, - - — , in which D is the diameter 

of the fan wheel, and w its width at the periphery. It has already 
been stated under "Cleneral Pn)porti()ns" that IV = .52 1), and w = .8 

W\ so that we may write A = =^ = .14 D^, 

in which A = the blast area, and 1) the diameter of the fan. 

As a matter of fact, the outlet of a fan casing is always made 
larger than the blast' area; and the result is that the pressure drops 
below that due to the tip velocity, and the velocity of flow tlmnigh 
the outlet becomes less than tliat given in the last column of Table 
XXXIII for any given speed of fan. 

Effective Area of Outlet, The size of discharge outlet varies 
somewhat for diflFerent makes; but for a large number of fans ex- 
amined it was found to average al)out 2.22 times the blast area 
as computed by the al)ove method. When air or a licjuid flows 
through an orifice, the stream is more or less contracteil, dej)ending 
upon the form of the orifice. 

In the case of a fan outlet, the effective area may In* taken as about 
.8 of the actual area. This makes the effective area of a fan outlet 
equal to .8 X 2.22 = 1.78 times the blast area. 

Table XXXIV gives the effective areas of fans of different 
diameter as computed by the above method. That is. Effective 
area = .14D' X 1.78 = .25D^ 

Speed. We have seen that when tlje discharge outlet is made 
larger than the blast area, the pressure within the fan casing drops 
below that due to the tip velocity; so that, in onler to bring the pres- 
sure up to its original point, the speed of the fan must be increased 
above that given in Table XXXIII. 
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TABLE XXXiV 
Effective Areas of Fans 



Diameter of Fan, in Feet 


ErKECTivE Area of Outlet, in 




Square Feet 


3 


2.3 


4 


4.0 


5 


6.3 


6 


9.1 


7 


12.3 


8 


16.0 


9 


20.4 


10 


25.2 



Tests upon a fan of practically the same proportions as those 
previouijiy given, .show that, when the effective outlet area is made 
1.78 the blast area, the speed must be increased 1.2 times in order 
to keep the pressure at the same point as when the outlet is ecjual 
to or less than the blast area. 

Capacity. The capacity of a fan is the volume of air discharged 

in a given time, and is usually expressed in cubic fet^t per minute. 

It is ec]ual to the effective area of discharge multiplied by the velocity 

of flow through it. 

Example. At what speed must a O-foot fan l)c run <o maintain a jjres- 
suru of J ounec, and what vohunc of air will be delivered per minute? 

From Table XXXIII we find that a 6-foot fan must run at a 
speed of 194 revolutions per minute to maintain the given pressure 
when the outlet is cnjual to the blast area, or 104 X 1 .2 = 233 revo- 
lutions per minute under actual conditions. The velocity of flow 
through the outlet at \ ounce pressure, is 3,053 feet per minute (Table 
XXXIII) ; and the effective area of outlet of a G-foot fan is 9 . 1 scpiare 
feet (Table XXXIV). Therefore the volume of air delivereil per 
minute is etjual to 9 . 1 X 3,053 = 33,242 cubic feet. 

Example. It is desired to move 52,(KK) cubic feet of air ptT 
minute at a pressure of [ ounce. AVhat size and spewed of fan will 
l>e required? Ix>oking in Table XXXIII, we find that the velocity 
through the fan outlet for {-ounce pressure is 2,5S5, which calls for 
an outlet area of 52,000 -r- 2,585 = 20 . 1 square feet. Looking in 
Table XXXIV, we find this corresponds very nearly to a 9-foot fan, 
which is the size called for. Referring again to Table XXXIII, the 
specxl necessary to maintain the re(juired pressure under the given 
conditions is found to be 92 X 12 = 110 revolutions per mhiute. 
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Effect of Resistance, Thus far it has been assumed that the 
fan was discharging into the open air against atmospheric pressure. 
The effect of adding a resistance by connecting it with a series of 
ventilating ducts, is the same as partially closing the discharge outlet. 
Carefully conducted tests upon this type of fan have shown that the 
reduction of air-flow is very nearly in proportion to the reduction 
of the discharge area. That is, if the outlet of the fan is closed to 
one-half its original area, the (juantity of air disohargeil will be prac- 
tically one-half that delivered by the fan with a free opening. The 
effect of attaching a fan to the ventilating flues of a building like a 
schoolhouse, church, or hall, where the duets have easy bends and 
where the velocity of air-flow through them is not over 1,()0() to 1,200 
feet per minute, is alx^ut the same as rcnlucing the outlet 20 per cent. 
For factories with deep heaters and smaller duets, where the velocity 
inns up to 1 ,r)(X) or 1 ,800 feet per minute, the eftVct is equivalent to 
closing die outlet at least 30 per cent, and even more in very large 
buildings. 

P'or schoolhouses and similar work a fan should not be run much 
alx)ve the speed necessary to maintain a pressure of I ounce at the 
outlet. Higher speeds are aceompanicMl with greater expenditure of 
power, and are likely to produce a roaring noise or to cause vibration. 
A much lower speed does not provide suflieient pressure to give projx^r 
control of the air-distribution during strong winds. For factories, 
a higher pressure of I to J ounce is more generally emplojcHl. 

Actually the pressure* is increased slightly by restricting the out- 
let at constant spt^t^l; but this is seldom taken into account in venti- 
lating work, as volume, speed, and jxjwer are the (juantities sought. 

Example. A school building; recj aires .32,(K)() cubic feet of air j)cr iiiiu- 
ute. What size and Hpccd of fan will be required? 

If the resistance of the ducts and flues is efjuivalent to cutting 
down the discharge outlet 20 per cent, we must make the computa- 
tions for a fan which will discharge 32,000 -r .8 = 40,000 cubic feet 
in free air. 

Looking in Table XXXIII, we find the velocity for f-ounce 
pressure to be 3,165 feet per minute; therefore the size of fan outlet 
must be 40,000 -r 3,105 = 12.G sijuare feet, which, from Table 
XXXIV, we find corresponds very nearly to a 7-foot fan. 
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Referring again to Table XXXIII, the required speed is found 

to be 144 X 1.2 = 173 revolutions per minute. 

Example. A factory requires 21,000 cubic feet of air per minute for 
wanning and ventilating. What size and speed of fan will be required? 

21,000 4- .7 = 30,000, the volume to provide for with a fan 
discharging into free air. Assuming a pressure of | ounce, the veloc- 
ity will be 4,084 feet per minute, from which the area of outlet is 
found to be 30,000 -r- 4,0cS4 = 7.3 square feet. This, we find, docs 
not correspond to any of the sizes given in Table XXXIV. As 
standard fans are not usually made in half-sizes above 5 feet, we 
shall use a 5-foot fan and mn it at a higher speed. 

A 5-foot fan has an outlet area of 6 .3 square feet, and at g-ounce 
pressure it would deliver 0.3 X 4,084 = 25,729 cubic feet of air per 
minute, at a speed of 260 X 12 = 312 revolutions per iniimte. 
The volume of air delivered by a fan varies approximately as the 
speed; so, in order to bring the volume up to the required 30,000, the 
speed must be increased by the ratio 30,000 -r- 25,729 = 1.16, 
making the final speed 312 X 1.16 = 362 revolutions per minute. 
In the same way, a 6-foot fan could have been used and run at a 
proportionally lower speed. 

Pmver Required. The work done by a fan in moving air is 
represented by the pressure exerted, multiplied by the distance through 
which it acts. . 

Table XXXV gives the horse-power re(|uire(l for moving the 
air which will flow through each s(|uare foot of the effective outlet 
area, under different pressures. 

This table gives only the power necessary for vwving the air, 
and does not take into consideration the frictit)n of the air in j)assing 
through the fan, nor that of the fan itself. 

The efficiency of a fan varies with the speed, the size of outlet, 

and the pressure against which the fan is working. Under favorable 

conditions, with properly proportioned fans, we may count on an 

efficiency of about .35. 

Example. What horse-power will be required to drive an 8-foot fan at 
such a speed as to maintain a pressure of i ounce? 

An 8-foot fan has an outlet area of 16 square feet (Table XXXIV) ; 
and from Table XXXV we find that .5 horse-power is required to 
move the air which will flow through each square foot of outlet under 
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TABLE XXXV 
Power Required for Moving: Air under Different Pressures 



Pressure in Ounces per Square Inch 



! 



Horse-Power for Moving Air which will 

Flow through Each Square Foot of 

Effective Outlet Area 



.18 
.33 
.50 
.70 



i-ounce pressure. Therefore the power required to move the air 
alone is 16 X .5 = 8, and^the total horse-power is 8 -r- .35 = 23. 

Effect of Resistance. In the above case, it is assumed that the 
fan is discharging into free air. If a resistance is added, the effect 
is the same as partially closing the outlet, and the volume of air 
moved and the horse-power required are both reduced in very nearly 
the same proportion. This re(Uiction, as already stated, may be 
taken as 20 per cent for schoolhouse and similar work, and 30 per 
cent for factories. 

For example, if the fan just considered was to be used for venti- 
lating a schoolhouse, delivering air under a pressure of ^ ounce, the 
necessary horse-power would be only 23 X .8 = 18.4. If used for 
a factory, delivering air under a pressure of J ounce, the required 

16 X .7 
horse-power would be — -^ X .7 == 22.3. 

•oO 

General Rules, The methods above described may be briefly 
expressed as follows: 
Capacity — Q = A X v X F, in which 
Q = Cubic feet of air per minute; 
A = Effective area of fan outlet (Table XXXIV); 
V = Velocity of flow through outlet ; 

(3,165 (f -ounce pressure) for schoolhouses, etc.; 
(4,084 (|-ounce pressure) for factories; 
„ _ J .8 for schoolhouses, etc. ; 
1 .7 for factories. 
Speed — Take the speed from Table XXXI II, corresponding to the given 
pressure and size of fan, and multiply by 1.?. 

Horse-Power — H.P. « ^ , in which 

,6a 

H.P. «= Horse-pow^er; 
A = Effective area of fan outlet ; 

p = Horse-power to move air wliich will flow through 1 square foot of fan 
outlet under given pressure (Table XXXV); 



180 



Digitized by 



Google 



HEATING AND VENTILAPION 171 



-J 



.33 for schoolhouses, etc.; 
.7 for factories. 
.8 for schoolhouses, etc.; 
.7 for factories. 



EXAMPLES 

1. A schoolhouse requires an air-supply of 30,000 cubic feet 
per minute. What will be the required size of fan, its speed, and 
the H. P. of engine to drive it? f 7 ft. in diameter. 

Ans. - 173 r. p. m. 
^9H.P. 

2. What will be the size and speed of fan, and horse-power of 
engine, to heat and ventilate a factory requiring 1,080,000 cubic feet 
of air per hour? f 6 ft. in diameter. 

Ans. ^ 2G0 r. p. m. 
.8.8 11. P. 
General Relatione. The following general relations l>etwecn the 
volume, pressure, and power will often be found useful in deciding 
upon the size of a fan : 

(1) The volume of air delivered varies directly as the speed of the fan; 
that is, doubling the numlwr of revolutions doubles the volume of air de- 
livered. 

(2) The .pressure varies as~ the square of the speed. For example, if 
the speed is doubled, the pressure is increased 2X2 = 4 times; etc. 

(3) The power required to run the fan varies as the cube of the speed. 
Thus, if the speed is doubled, the power required is increased 2X2X2 = 8 
times; etc. 

Tlic value of a knowledge of these relations may be illustrated 
by the following example : 

Suppose for any reason it were desired to double the volume of 
air delivered by a certain fan. At first thought we might decide to 
use the same fan and run it twice as fast ; but when we come to con- 
sider the power required, we should find that this would have to be 
increased 8 times, and it would prob:.bly l)e much cheaper in the 
long run to put in a larger fan and run it at lower speed. 

Disc or Propeller Fans. When air is to be moved against a very 
slight resistance, as in the case of exhaust ventilation, the disc or pro- 
peller type of wheel may be used. This is shown in different forms 
in Figs. 149 and 150. This type of fan is light in construction, re- 
quires but little power at low speixls, and is easily erected. It may be 
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conveniently placed in the attic or upper story of a building, where 
it may be driven either by a direct- or belt-connected electric motor. 
Fig. 148 shows a fan equipped with a direct-connected motor, and 
Fig. 151 the general arrangement when a belted motor is used. These 
fans are largely used for the ventilation of toilet and smoking rooms, 
restaurants, etc., and are usually mounted in a wall opening, as shown 
in Fig. 151. A damper should always be provided for shutting off 
the opening when the fan is not in use. The fans shown in Figs. 149 
and 150 arc provided with pulleys for belt connection. 




Fig. 1 18. Propeller Fan Direcl-Cunnected to Motor. 

Fans of this kind are often connected with the main vent flues 
of large buildings, such as schools, halls, churches, theaters, etc., 
and are especially adapted for use in connection with gravity heating 
systems. They are usually run by electric motors, and as a rule are 
placed in positions where an engine could not be connected, and also 
in buildings where steam pressure is not available. 

Capacity of Disc Fans. The capacity of a disc fan varies greatly 
with the type and the conditions under which it operates. The rated 
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capacities usually given in catalogues are for fans revolving in free 
air — that is, mounted in an opening without being connected with 
ducts or subjected to other frictional resistance. 

As the capacity and necessary power are so dependent upon the 
resistance to be overcome, it is difficult to give definite rules for 
determining them. The following data, based upon actual tests, 




Fig. 149. Another Form of Propeller Fan, with Special Type of Blade. 

apply to fans working against a resistance such as would be 
produced by connecting with a system of ducts of medium length 
through which the air was drawn at a velocity not greater than 600 
or 800 feet per minute. Under these conditions, a good type of fan 
will propel the air in a direction parallel to the shaft a distance equal to 
about .7 of its diameter at each revolution; and from this we have 
the ecjuation : 
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in which 



Q = ,7 DXRXA, 

Q = Ciibi(! feet of air discharged per minute; 

D = Diameter of fan, in feet; 

li = Revolutions per minute; 

.1 = Area of fan, in square feet. 
In order to obtain the 
best results, the linear velocity 
of air-flow through the fan 
should range from 800 to 1,200 
feet per minute. 

Table XXXVI gives the 
revolutions per minute for 
fans of different diameter to 
produce a linear velocity of 
1,000 feet, the volume deliv- 
ered at this speed, and the 
horse-power required. 

The hors^-power is com- 
puted by allowing .14 H. P. 
for each 1,000 cubic feet of 
air moved, when the velocity 
through the fan is <S00 feet 
per minute; .lO H. P. for 
1,000 feet velocity; and .IS IT. P. for 1,200 feet velocity, 
factors are empirical, and based on tests. 




Fip. 1.50. PropeUer Fan with Wheel on Shaft 
for Helt Connoftlon. 



These 




Fig. 



Fan Belt-Connected to Motor. 



Example. Assuming a velocity of 800 feet per minute through a 4-foot 
fan, what volume will be delivered per minute, and what speed and horse- 
power will be required? 
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TABLE XXXVI 
Disc Fans, their Capacity, Speed, etc. 



DiA. OF Fan, in 
Inches 


Rev. per Min. 


Cunic Fket of Air 
Moved 


Horse- Power 
Required 


18 


952 


1,700 


.27 . 


24 


716 


3,100 


.50 


30 


572 


4,900 


.78 


36 


476 


7,100 


1.2 


42 


408 


9,400 


1.5 


48 


343 


12,000 


1.9 


54 


317 


15,800 
19,400 


2.5 


60 


286 
238 


3.1 


72 


28,300 


4.5 



The area of a 4-fo()t fan is 12.5 scjuare feet; and at 80() velocity 
the volume would be 12.5 X SOO = 10,000 cubic feet. Next solve 
for the speed by the equation Q = »7D X R X A, which, when 
transposed, takes the form 

^^ " .7 1) X A 
Substituting the known quantities, we have: 

10,000 



R 



- 286. 



.7X 4 X 12.5 

The horse-power is lOX .14 = 1.4. 

Fan Engines. A simple, quiet-running engine is desirable 
for use in connection with a fan or blower. The engine may be either 
horizontal or vertical; and for schoolhouse and similar work, .should 
be provided with a birge cylinder, so thai the recjuired power may 
be developed without carrying a boiler pressure much above 30 
pounds. In some cases, cylinders of such size are used that a boiler 
pressure of 12 or 15 pounds is sufficient. The quantity of steam 
which an engine consumes is of minor importance, as the exhaust can 
be turned into the coils and used for heating purposes. If space 
allows, the engine should always be belted to the fan. Where it is 
direct-connected, as in Fig. 144, there is likely to be trouble from 
noise, as any slight looseness or pounding in the engine will he com- 
municated to the air-ducts, and the sound will be carried to the rooms 
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above. Figs. 152 and 153 show common forms of fan engines. The 
latter is especially adapted to this purpose, as all bearings are enclosed 




, ^ "S^^fe?* 



Fig. 152 A Common Form of Fan Engine. 

and protected from dust and grit. A horizontal engine for fan use 
is shown in Fig. 154. 

In ease an engine is belted, the distance between the shafts of 
the fan and engine should not in general be much less than 10 feet 
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for fans up to 7 or 8 feet in diameter, and 12 feet for those of larger 
size. When possible, the tight or driving side of the belt should 
be at the bottom, so that the loose side, coming on top, will tend to 
wrap around the pulleys and so increase the arc of contact. 

Motors. Electric motors are especially adapted for use in 
connection with fans. This method of driving is more expensive 




Fig. 1S3. Another Form of Fan Engine, with Bearings Enclosed to Protect Them 
from Dust and Grit. 

than by the use of an engine, especially if electricity must be pur- 
chased from outside parties; but if the building contains its own 
power plant, so that the exhaust steam can be utilized for heating, 
the convenience and simplicity of motor-driven fans often more than 
offset the additional cost of operation. 



187 



Digitized by 



Google 



178 



HEATING AND VENTILATION 



Direct-connected motors are always preferable to belted, if a 
direct current is available, on account of greater quietness of action. 
This is due both to the slower speed of the motor and to the absence 
of belts. 

Sufficient speed regulation can be obtained with direct-connected 
machines, without excessive waste of energy, by the use of a rheostat. 

If a direct current is not available, and an alternating current 
must be used, the advantages of electric driving are greatly reduced, 
as high-speed motors with belts must be employed, and, further- 
more, satisfactory speed regulation is not easily attainable. 




Fig. 154. Horizontal Engine for Fan Use. 

Area of Ducts and Flues. With the blower type of fan, the size 
of the main ducts may be based on a velocity of 1,200 to 1,500 feet per 
minute; the branches, on a velocity of 1,000 to 1,200 feet per minute, 
and as low as 600 to 800 feet when the pipes are small. Flue veloci- 
ties of 500 to 700 feet per minute may be used, although the lower 
velocity is preferable. The size of the inlet register should be such 
that the velocity of the entering air will not exceed about 300 feet per 
minute. The velocity between the inlet windows and the fan or 
heater should not exceed about 800 feet. 

The air-<lucts and flues are usually made of galvanized iron, the 
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ducts being run at the basement ceiling. No. 20 and No. 22 iron 
is used for the larger sizes, and No. 24 to No. 28 for the smaller. 

Regulating dampers should 
be placed in the branches lead- <- 
ing to each flue, for increasing or 
reducing the air-supply to the 
different rooms. Adjustable de- 
flectors are often placed at the 
fork of a pipe for the same pur- 
pose. One o^ these is shown in 
Fig. 155. 

Fig. 156 illustrates a com- 
mon arrangement of fan and 

heater where the tj^pe of heater Fig. 155. Adjustable Deflpcior Placed at Fork 
shown in Fig. 138 is used; and of pipe to Ke^nilat. Alr-Sup„ly. 

Fig. 157 is a self-contained apparatus in which the heater is inclosed 

in a steel casing. 

Factory Heating. The application of forccxl bhist for the 
COLD A/^ imrr wifioows warming of factories and 

_| — I B I — I i I — |_J ^^^mi shops, is shown in Figs. 

158 and 159. The pro- 
portional heating surface 
in this case is generally 
expressed in the number 
of cubic feet in the 
building for each linear 
foot of 1-inch steam 
pipe in the heater. On 
this basis, in factory 
practice, with all of the 
air taken from out of 
doors, there are generally 
allowed from 100 to 150 
cubic feet of space per 

Fig. 156. Common Arrangement of Fan with Heater ^^^ of pipe, according as 

ofTypeSho^-ninFig.ias. exhaust or live steam 

is used, live steam in this case indicating steam of about 80 
pounds pressure. If practically all the air is returned from the 
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buildings to the heater, these figures may be raised to about 140 as a 
minimum, and possibly 200 as a maximum, per foot of pipe. The 




I 



a 



o 

s 






s 



heaters in Table XXXI may l)e changed to linear feet of 1 inch pipe 
by multiplying the numbers in column three (sauare feet of surface) 
by three. 
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EXAMPLES FOR PRACTICE 

'1. A machine shop 100 feet long by 50 feet wide and having 3 
stories, each 10 feet high, is to be warmed by forced blast, using 




Fig. 158. Illustrating Application of Forced Blast for Warming a Factory- 

exhaust steam in the heater. The air is to be returned to the heater 
from the building, and the whole amount contained in the building 
is to pass through the heater every 15 minutes. What size of blower 
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will be required, and what will be the H. P. of the engine required to 
run it? How many linear feet of 1-inch pipe should the heater con- 
tain? 

4-foot blower. 
Ans. ^ 6 H. p. engine. 

1,071 feet of pipe. 




Fig. 159. Centrifugal Blower Producing Forced Blast for Heating a Shop. 

2. Find the size of blower, engine, and heater for a factory 
200 feet long, 60 feet wide, and having 4 stories, each 10 feet high, 
using live steam at 80 pounds pressure in the heater, and changing 
the air every 20 minutes by taking in cold air from out of doors. 

6-foot blower. 
Ans. < 13H. P. engine. 

3,200 feet of pipe. 
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In using this method of computation, judgment must be employed, 
which can come only from experience. The figures given are for 
average conditions of construction and exposure. 

Double-Duct System. The varying exposures of the rooms of 
a school or other building similarly occupied, require that more heat 
shall be supplied to some than to others. Rooms that are on the 
south side of the building and exposed to the sun, may perhaps be 
kept perfectly comfortable with a supply of heat that will maintain 
a temperature of only 50 or 60 degrees in rooms on the opposite side 
of the building which are exposed to high winds and shut off from the 
warmth of the sun. 




Fig. IflO. Hot-Blast Apparatus wltli Double Duct for Supplying Air at Different Temper- 
atures to Different Parts of a Building. 

With a constant and equal air-supply to each room, it is evident 
that the temperature must be directly proportional to the cooling 
surfaces and exposure, and that no building of this character can be 
properly heated and ventilated if the temperature cannot be varied 
without affecting the air-supply. 

There are two methods of overcoming this difficulty: 
The older arrangement consists in heating the air by means of a 
primary coil at or near the fan, to about 60 degrees, or to the minimum 
temperature required within the building. From the coil it passes 
to the bases of the various flues, and is there still further heated as 
required, by secondary or supplementary heaters placed at the base of 
each flue. 
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With the second and more recent method, a single heater is 
employed, and all the air is heated to the maximum required to 
maintain the aesired temperature in the most exposed rooms, while 
the temperature of the other rooms is regulated by mixing with the 
hot air a suflScient volume of cold air at the bases of the different flues. 
This result is best accomplished by designing a hot-blast apparatus 

so that the air shall be 
forced, rather than drawn 
through the heater, and 
by providing a by-pass 
through which it may 
be discharged without 
passing across the heated 
pipes. 

The passage for the 
cool air is usually above 
and separate from the 
heater pipes, as shown in 
Fig. 160. Extending 
from the apparatus is a 
double system of ducts, 
usually of galvanized 
iron, suspended from the 
ceiling. At the base of 
each flue is placed a mix- 
ing damper, which is 
controlled by a chain 
from the room above, 
and so designed as to 
admit either a full vol- 
ume of hot air, a full 
volume of cool or 
tempered air, or to mix them in any desired proportion without affect- 
ing the resulting total volume delivered to the room. A damper o 
this form is shown in Fig. 161. 

Fig. 162 shows an arrangement of disc fan and heater where the 
air is first drawn through a tempering coil^ then a portion of it forced 
through a second heater and into the warm-air pipes, while the remain- 




Fig. 161. 



Mixing Damper for Regulating Temperature 
of Air Supplied by Double-Duct System. 
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der is by-passed under the heater into the cold-air pipes. Mixing 
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dampers are placed at the bases of the flues as already described, to 
regulate the temperature in different rooms. 
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ELECTRIC HEATING 

Unless electricity is produced at a very low cost, it is not com- 
mercially practicable for heating residences or large buildings. The 
electric heater, however, has quite a wide field of application in heating 
small offices, bathrooms, electric cars, etc. It is a convenient method 
of warming rooms on cold mornings in late spring and early fall, 
when furnace or steam heat is not at hand. It has the special advan- 
tage of being instantly available, and the amount of heat can be regu- 
lated at will. The heaters are perfectly clean, do not vitiate the air, 
and are portable. 

Electric Heat and Energy. The commercial unit for electricity 
is one watt for one hour, and is equal to 3.41 B. T. U. Electricity is 
usually sold on the basis of 1,000 watt-hours (called Kilowatt-hours), 




Fig. 163. Electarlc Car-Heater. 

which IS equivalent tc 3,410 B. T. U. A watt is the product obtained 
by multiplying a current of 1 ampere by an electromotive force of 1 
volt. 

From the above we see that the B. T. U. required per hour for 
warming, divided by 3,410, will give the kilowatt-hours necessary for 
supplying the required amount of heat. 

Construction of Electric Heaters. Heat is obtained from the 
electric current by placing a greater or less resistance in its path. 
Various forms of heaters have been employed. Some of the simplest 
consist merely of coils or loops of iron wire, arranged in parallel rows, 
so that the current can be passed through as many coils as are needed 
to provide the required amount of heat. In other forms, the heating 
material is surrounded with fire-clay, enamel, or asbestos, and in some 
cases the material itself has been such as to give considerable resist- 
ance to the current. A form of electric car-heater is shown in Fig. 163. 
Forms of radiators are shown in Figs. 164 and 165. 
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Calculation of Electric Heaters. The formula for the calcu- 
lation of electric heaters is 
lI = PRtx .24, 
in which 

// = Heat, in calories; 
/ = Current, in amperes; 
R = Resistance, in ohms; 
t = Time, in seconds. 

Examples. What resistance must an 
electric heater have, to give off 6,000 B. 
T. IT. per hour, with a current of 20 am- 
peres ? Fig. 164. Electric Radiator. 

We have learned that 1 B. T. U. = 252 calories; so, in the 
present case, 6,000 X 252 = 1,512,000 calories must be provided. 

Substituting the known values im the formula, we have 
1,512,000 = 202 X « X 3^600 X .24, 
from which , 




R- 



1,512,000 



345,600 ='*-^^"*^"^^- 
A heater having a resistance of 3 ohms is to supply 3,000 li, T. U. per 
hour. Wliat current will be required ? 




Fig. 166. Another Form of Electric Radiator. 

3,000 X 252 = 756,000 calories. Substituting the known values in 
the formula, and solving for /, we have 

756,000 « /2 X 3 X 3,600 X .24, 
from which 

/ = 1/291.6 = 17 + amperes. 

Connections for Electric Heaters. The method of wiring for 
electric heaters is essentially the same as for lights which require the 
same amount of current. A constant electromotive force or voltage 
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IS maintained in the main wire leading to the heaters. A much less 
voltage is carried on the return wire, and the current in passing through 
the heater from the main to the return, drops in voltage or pressure. 
This drop provides the energy which is transformed into heat. 

The principle of electric- heating is much the same as that in- 
volved in the non^ravity return system of steam heating. In that 
system, the pressure on the main steam pipes is that of the boiler, 
while that on the return is much less, the reduction in pressure occur- 
ring in the passage of the steam through the radiators; the watpr of 
condensation is received into a tank, and returned to the boiler by a 
pump. 

In a system of electric heating, the main wires must be suffi- 
ciently large to prevent » sensible reduction in voltage or pressure 
between the 'generator and the heater, so that the pressure in them 
shall be substantially that in the generator. The pressure or voltage 
in the main return wire is also constant, but very low, and the genera- 
tor has an office similar to that of the steam pump in the system just 
described — that is, of raising the pressure of the return current up 
to that in the main. The power supplied to the generator can be 
considered the same as the boiler in the first case. All the current 
which passes from the main to the return must flow through the heater, 
and in so doing its pressure or voltage falls from that of the main 
to that of the return. 

From the generator shown in Fig. 166, main and return wires 
are run the same as in a two-pipe system of steam heating, and these 
are proportioned to carry the required current without sensible drop 
or loss of pressure. Between these wires are placed the various 
heaters, which are arranged so that when electric connection is made 
they draw the current from the main and discharge it into the return 
wire.* Connections are made and broken by switches, which take the 
place of valves on steam radiators. 

Cost of Electric Heating. The expense of electric heating must 
in every case be great, unless the electricity can be supplied at an 
exceedingly low cost. Estimated on the basis of present practice, 
the average transformation into electricity does not account for more 
than 4 per cent of the energy in the fuel which is burned in the furnace. 
Although under best conditions 15 per cent has been realized, it 
would not be safe to assume that in ordinary practice more than 5 
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per cent could be transformed into electrical energy. In heating 
with steam, hot water, or hot air, the average amount utilized will 
probably be about 60 per cent, so that the expense of electrical heating 
is approximately from 12 to 15 times greater than by these methods. 

TEMPERATURE REGULATORS 

The principal systems of automatic temperature control now in 
use, consist of three essential features; First, an air-compressor, 
reservoir, and distributing pipes; second, thermostats, which are 




Fig. 186. Qeneral System of Wiring a House for Electric Heating. 

placed in the rooms to be regulated ; and third, special diaphragm or 
pneumatic valves at the radiators. 

The air-compressor is usually operated by water-pressure in 
small plants and by steam in larger ones; electricity is used in some 
cases. Fig. 167 shows a form of water compressor. It is similar 
in principle to a direct-acting steam pump, in which water under 
pressure takes the place of steam. A piston in the upper cylinder 
compresses the air, which is stored in a reservoir provided for the 
purpose. When the pressure in the reservoir drops below a certain 
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point, the compressor is started automatically, and continues to 
operate until the pressure is brought up to its working standard. 

A thermostat is simply a mechanism for opening and closing 
one or more small valves, and is actuated by changes in the tempera- 




FIr. 167. Air-Compressor Operated by Wa- 
ter-Pressure, Automatically Controlled, 
and Operating to Regulate Temperature 
by (^>ntrolllng Radiator Valves. 



Fig. 168. Thermostat Controlling Valves 
on Radiators, and Operating through Ex- 
pansion or Contraction of Metal Strip E. 



ture of the air in which it is placed. Fig. 168 shows a thermostat 
in which the valves are operated by the expansion and contraction 
of the metal strip E. The degree of temperature at which it acts 
may be adjusted by throwing the pointer at the bottom one way or 
the other. Fig. 169 shows the same thermostat with its ornamental 
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casing in place. The thermostat shown in Fig. 170 operates on 
a somewhat different principle. It consists of a vessel separated into 
two chambers by a metal diaphragm. 
One of these chambers is partially 
filled with a liquid which will boil 
at a temperature below that desired 
in the room. The vapor of the 
liquid produces considerable pres- 
sure at the normal temperature of 
the room, and a slight increase of 
heat crowds the diaphragm over 
and operates the small valves in a 
manner similar to that of the metal 
strip in the case just described. 

The general form of a dia^ 
phragm valve is shown in Fig. 171. 
These replace the usual hand-valves 
at the radiators. They are similar 
in construction to the ordinary 
globe or angle valvej except that 
the stem slides up and down in- 
stead of being threaded and run- 
ning in a nut. The top of the stem 
connects with a flat plate, which 
rests against a rubber diaphragm. 
The valve is held open by a spring, 
as shown, and is closed by admit- 
ting compressed air to the space 
above the diaphragm. 

In connecting up the .system, 
small concealed pipes are carried 
from the air-reservoir to the ther- 
mostat, which is placed upon an 
inside wall of the room, and from 
there to the diaphragm valve at 
the radiator. When the temperature of the room reaches the maxi- 
mum point for which the thermostat is set, its action opens a small 
valve and admits air-pressure to the diaphragm, thus closing off the 




Fig. 100. Thermostat of Fig. 188 In 
Ornameutal Casing. 



201 



Digitized by 



Google 



192 



HEATING AND VENTILATION 



steam from the radiator. When the temperature falls, the thermostat 
acts in the opposite manner, and shuts off the air-pressure from the 
diaphragm valve, at the same time opening a small exhaust which 
allows the air above the diaphragm to escape. The pressure being 
removed, the valve opens and again admits steam to the radiator. 

Diaphragm Motors* Dampers are operated pneumatically in 
a similar manner to steam valves. A diaphragm motor, so called, is 
acted upon by the air-pressure; and this lifts a lever which is properly 
connected to the damper by means of chains or levers, thus securing 
the desired movement. 

Dampers. When mixing dampers are operated pneumatically, 
a specially designed thermostat for giving a graduated movement 





Tig. 170. Thermostat Oixrating through Expansion or Contraction of the Vapor 
of a Volatile Liquid. 

to the damper should be used. By this arrangement the damper 
is held in such a po3ition at all times as to admit the proper proportions 
of hot and cold or tempered air for producing the desired temperature 
in the room with which it is connected. 

Large dampers which are to be operated pneumatically, should 
be made up in sections or louvres. Dampers constioicted in this 
manner are handled much more easily than when made in a single 
piece. 

It often happens, in large plants, that there are valves and 
dampers in places which are not easily reached for hand manipula- 
tion. These may be provided with diaphragms and connected with 
the air-pressure system for operation by hand-switches or cocks 
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conveniently located at some centra/ point in thfr basement or boiler 



room. 



Teteth^rmometer; This is a device for indicating on a dial 
at some central point the temperature of various rooms or ducts in 
different parts of a building. A special transmitter is placed in each 
of the rooms and electrically connected with a central switchboard. 
Then, by means of suitable switches, any room may be thrown in 
circuit with the recorder, and the temperature existing in the room 
at that time read from the dial. 





Pig. 171. Exterior View, and Section Showing Interior Mechanism of Diaphragm Valve. 

Huinidostat. The humidostai is a device to be placed in one or 
more rooms of a building for maintaining an even percentage of 
moisture in the air. The apparatus consists of two essential parts — 
the humidoaiat and the humidifier. The former corresponds to the 
thermostat in a system of temperature control, and operates a pneu- 
matic valve or other mechanism connected with the humidifier when 
the percentage of moisture ri.ses above or falls l)elow certain limits.* 
The operating medium is compressed air, the same as for tempera- 
ture control; and the two devices are usually connected with the same 
pressure system. 
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The normal moisture of a room is 70 per cent, and should never 
exceed that. In cold weather it will be necessary to reduce the 
amount of moisture somewhat, owihg to the "sweating" of walls and 
windows. 

The method of moistening the air will depend somewhat upon 
circumstances. If the air for ventilation is delivered to the rooms at 
a temperature not exceeding 70 degrees, the humidifier is best placed 
in the main air-duct. If the air enters at a higher temperature, the 
humidifier must be located in the same room with the humidostat. 

The moistener or humidifier may be of any one of several forms. 
Where steam heating is used, and where the steam is clean and odor- 
less and free from oil from engines, a perforated pipe (or pipes) in the 
air-duct is the simplest and best humidifier. The outlets are properly 
adjusted, and then the humidostat shuts off and lets on the steam 
as required. Sometimes a water spray, particularly of warm water, 
may be used in place of steam. When neither steam jet nor water 
spray is advisable, an evaporating pan containing a steam coil may 
be used, the humidostat controlling the steam to the coil, and the 
water-level in the pan being kept constant by means of a ball-cock. 

AIR-FILTERS AND AIR^WASHERS 

In cases where the air for ventilating purposes is'likely to contain 
soot or street dust, it is desirable to provide some form of filter for 
purifying it before delivering to the rooms. If the air-quantity is 
small and there is plenty of room between the inlet windows and 
the fan, screens of light cheesecloth may be used for this purpose. 
The cloth should be tacked to light but substantial wooden frames, 
which can be easily removed for frequent cleaning. These screens are 
usually set up in "saw-tooth" fashion in order to give as much sur- 
face as possible in the least space. 

Another arrangement, used in case of large volumes of air, 
is to provide a number of light cloth bags of considerable length, 
through which the air is drawn before reaching the heater. These are 
fastened to a suitable frame or partition for holding them open. The 
great objection to filters of this kind is their obstruction to the passage 
of the air, especially when filled with dust, the frequent intervals at 
which they should be cleaned, and the great amount of filtering sur- 
face required. 
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An apparatus which is 
coming quite generally into 
use for this purpose, and 
which does away with the 
disadvantages noted above, 
is the sjyray filter or air" 
washer, one form of which 
is shown in Fig. 172. Air 
enters as indicated, and 
first passes through a tem- 
pering coil to raise it above 
the freezing point in win- 
ter weather; then passes 
through the spray-chamber, 
where the dirt is removed ; 
then through an eliminator 
for removing the water; 
and then through a second 
heater on its way to the 
fan. 

The water is forced 
through the spray-heads 
by means of a small cen- 
trifugal pump, either belted 
to the fan shaft or driven 
by an independent motor. 

HEATING AND 
VENTILATION OF 
VARIOUS CLASSES 
OF BUILDINGS 

The different methods 
used in heating and venti- 
lation, together with the 
manner of computing the 
various proportions of the 
apparatus, having been 
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taken up, the application of these systems to the different classes 
of buildings will now be considered briefly. 

School Buildings. For school buildings of small size, the furnace 
system is simple, convenient, and generally effective. Its use is con- 
fined as a general rule to buildings having not more than six or eight 
rooms. For large ones this method must generally give way to some 
fonn of indirect steam system with one or more boilers, which occupy 
less space, and are more easily cared for than a number of furnaces 
scattered about in different parts of the basement. As in all systems 
that depend on natural circulation, the supply and removal of air is 
considerably affected by changes in the outside temperature and by 
winds. 

The furnaces used are generally built of cast iron, this material 
being durable, and easily made to present large and effective heating 
surfaces. To adapt the larger sizes of house-heating furnaces to 
schools, a much larger space must be provided between the body and 
the casing, to permit a sufficient volume of air to pass to the rooms. 
The free area of the air-passage should be sufficient to allow a velocity 
of about 400 feet per minute. 

The size of furnace is based on the amount of heat lost by radia- 
tion and conduction tlirough walls and windows, plus that carried 
away by air passing lip the ventilating flues. These quantities may 
be computed by the usual methods for "loss of heat by conduction 
through walls/' and **heat required for ventilation." With more 
regular and skilful attendance, it is safe to assume a higher rate of 
combustion in schoolhouse heaters than in those used for warming 
residences. Allowing a maximum combustion of 6 pounds of coal 
per hour per square foot of grate, and assuming that 8,000 B. T. U. 
per pound are taken up by the air passing over the furnace, we have 
6 X 8,000 = 48,000 B. T. U. furnished per hour per square foot of 
grate. Therefore, if we divide the total B. T. U. required for both 
warming and ventilation by 48,000, it will give us the necessary grate 
surface in square feet. It has l)een found in practice that a furnace 
with a firepot 32 inches in diameter, and having ample heating surface, 
is capable of heating two 5()-pupil rooms in zero weather. The sizes 
of ducts and flues may \ye determined by niles already given under 
furnace and indirect steam heating. 

The velocity of the warm air within the uptake flues depends 
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upon their height and the difference in temperature between the 
warm air within the flues and the cold air outside. The action of 
the wind also affects the velocity of air-flow. It has been found by 
experience that flues having sectional areas of about 6 square feet for 
first-floor rooms, 5 square feet for the second floor, and 4k square feet 
for the third, will be of ample size for standard classrooms seating 
from 40 to 50 pupils in primary and grammar schools. These sizes 
may be used for both furnace and indirect gravity steam heating. 

The vent flues may be made 5 square feet for the first floor, and 
6 square feet for the second and third floors. They may be ar- 
ranged in banks, and carried through the roof in the form of large 
chimneys, or may be carried to the attic space and there gathered 
by means of galvanized-iron ducts connecting with roof vents of 
wood or copper construction. 

In order to make the vent flues **draw" sufficiently in mild or 
heavy weather, it is necessary to provide some means for warming 
the air within them to a temperature somewhat above that of the 
rooms with which they connect. This may be done by placing a 
small stove made specially for the puqx)se, at the base of each flue. 
If this is done, it is necessary to carry the air down and connect with 
the flue just below the stove. 

The cold-air supply duct to each furnace should be made J 
the size of all the warm-air flues if free fmm bends, or the full 
size if obstructed in any way. 

The inlet and outlet openings from the rooms into the flues, are 
commonly provided with grilles of iron wire having a mesh of 2 to 24 
inches. Both flat and s(|uare wire are used for this purpose. Mixing 
dampers for regulating the temperature of the rooms should be pro- 
vided for each flue. The effectiveness of these dampers will dej)end 
largely upon their construction; and they should be made tight 
against cold-air leakage, by covering the surfaces or flanges against 
which they close with some form of asbestos felting. Both inlet and 
outlet gratings should be provided with adjustable dampers. One of 
the disadvantages of this system is the delivery of all the heat to the 
room from a single point, and this not always in a position to give the 
best results. The outer walls are thus left un warmed, except as the 
heat is diffused throughout the room by air-currents. When there is 
considerable glass surface, as in most of our modern schoolrooms, 
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draughts and currents of cold air are frequently found along the out- 
side walls. 

The indirect gravity system of steam heating comes next in cost 
of installation. One important advantage of this system over furnace 
heating comes from the ability to place the heating coils at the base 
of the flues, thus doing away with horizontal runs of air-pipe, which 
are required to some extent in furnace heating. The warm-air 
currents in the flues are less affected by variations in the direction and 
force of the wind where this construction is possible, and this is of 
much importance in exposed locations. 

The method of supplying cold air to the coils or heaters is im- 
portant, and should be carefully worked out. The supply should be 
taken from at least two sides of the building, or, if possible, from all 
four sides. When it is taken from four sides, each inlet should be 
made large enough to supply one-half the amount, or, in other words, 
any two should give the total quantity required. It is often possible 
to arrange the flues in groups so that all the heating stacks may be 
placed in two or more cold-air chambers, depending upon the size 
of the building. A cold-air trunk line may be run through the center 
of the basement, connecting with the outside on all four sides, and 
having branches supplying each cold-air chamber. 

Cast-iron pin-radiators are particularly adapted to this class 
of work. 

The School-Pin, having a section about 10 inches in depth and 
rated at 15 square feet of heating surface per section, is used quite 
extensively for this purpose. Stacks containing about 240 square 
feet of surface for southerly rooms, and 260 for those having a north- 
erly exposure, have been found ample for ordinary conditions in zero 
weather. 

A very satisfactory arrangement is the use of indirect heaters 
for warming the air needed for ventilation, and the placing of direct 
radiation in the rooms for heating purposes. The general construc- 
tion of the indirect stacks and flues may be the same; but the heating 
surface can be reduced, as the air in this case must be raised only to 
70 or 75 degrees in zero weather, the heat to offset that lost by con- 
duction, etc., through walls and windows being provided by the 
direct surface. The mixing dampers may be omitted, and the tem- 
perature of the room regulated by opening or closing the steam valves 
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on the direct coils, which should be done automatically. The direct- 
heating surface, which is best made up of lines of 1 J-inch pipe, should 
be placed along the outer walls beneath the windows This supplies 
heat where most needed, and does away with the tendency to draughts. 
In mild weather, during the spring and fall, the indirect heaters may 
prove sufficient for both ventilation and warming. 

WTiere direct radiation is placed in the rooms, the quantity of 
heat supplied is not affected by varying wdnd conditions, as is the 
case in indirect heating. Although the air-supply may be reduced 
at times, the heat quantity is not changed. Direct radiation has the 
disadvantage of a more or less unsightly appearance, and architects 
and owners often object to the nmning of mains or risers through 
the rooms of the building. Air-valves should always be provided 
with drip connections carried to a sink or dry well in the basement. 

When circulation coils are used, a goo<i method of drainage is 
to carry separate returns from each coil to the basement, and to place 
the air-valves in the drops just below the basement ceiling. A check- 
valve should be placed below the water-line in each return. 

The gravity system has the fault of not supplying a uniform 
quantity of air under all conditions of outside temperature, the same 
as a furnace, but when properly arranged, may be made to give (juite 
satisfactory results. 

The fan or bk)wer system for ventilation, with dinnt radiation 
in the rooms for warming, is considerwl to be one of the best possible 
arrangements. 

In designing a plant of this kind, the main heating coil should 
be of sufficient size to warm the total air-supply to 70 or 75 degrees 
in the coldest weather, and the direct surface should be proportioned 
for heating the building independently of the indirect system. Auto- 
matic temperature regulation should be used in connection with 
systems of this kind, by placing pneumatic valves on the direct radia- 
tion. It is customary to carry from 3 to 8 pounds pressure on the 
direct system, and from 8 to 15 pounds on the main coil, depending 
upon the outside temperature. The foot-warmers, vestibule, and 
office heaters should be placed on a separate line of piping, with 
separate returns and trap, so that they can be used independently 
of the rest of the building if desired. Where there is a large assembly 
halK it should be arranged so that it can be both warmed and venti* 
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lated when the rest of the building is shut off. This can be done by a 
proper arrangement of valves and dampers. 

When different parts of the system are run on different pressures, 
the returns from each should discharge through separate traps into 
a receiver having connection with the atmosphere by means of a vent 
pipe. Fig. 173 shows a common arrangement for the return con- 
nections in a combination system of this kind. The different traps 
discharge into the vented receiver as shown; and the water is pumped 
back to the boiler automatically when it rises above a given level in 
the receiver, a pump governor lieing used to start and stop the pumps 
as recjuired. 

A water-level or seal of suitable height is maintaimHl in the main 
returns, by placing the trap at the retjuired elevation and bringing 
the returns into it near the bottom; a balance pipe is coniicctefl with 
the top for e(|ualizing the pressure*, the same as in the case of a pump 
governor. Sometimes a fan is use<l with the heating coils phiced at 
the base of the flues, instead of in the nxnns. Where this is done 
the radiating surface may be nnhictHl about oiu*-half. This system 
is less expensive to install, but has the disadvantage of removing the 
heating surface from the cold walls, where it is most needed. 

With a blower type of fan, the size of the main ducts may be 
based on a velocity of fnmi 1,(KK) to 1,2(K) feet per minute, and the 
branches on a velocity of 800 to 1 ,(K)() feet per minute. 

The velocity in the vertical flues may be fnmi (KM) to 7(K) feet per 
minute, although the lower vel(K'ity is prefera!)le. 

The size of the inlet registers should be such that the velocity 
of the entering air will not exceed 350 to 4(K) feet j)er minute. 

When the air is delivered through a register at the high velocities 
mentioned, some means must be provided for diffusing the entering 
current, in order to prevent disagreeable draughts. This is usually 
accomplished by the use of deflecting blades of galvanized iron, set 
in a vertical position and at varying angles, so that the air is thrown 
towards each side as it issues from the register. The size of the 
vent flues should be about the same a.s for a gravity system — that is, 
about 6 square feet for a standard classroom, and in the same pro- 
portion for smaller rooms. 

Vent-flue heaters arc not usually recjuired in connection with a 
fan system, as the force of the fan is sufficient to supply the required 
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quantity of air at all times without the aspirating effect of the vent 
flues. 

The method of piping shown in Fig. 173 applies especially to 
buildings of large size. In the case of medium-sized buildings, it 
is often possible to use pin radiation for the main heater, placing the 
same well above the water-line of the boilers and thus returning the 
condensation by gravity, without the use of pumps or traps. When 
this arrangement is used, an engine with a large cylinder should be 
employed, so that the steam pressure will not exceed 15 or 18 pounds, 
and the whole system, including the direct surface, may be run upon 
the same system. 

This is a very simple arrangement, and is adapted to all build- 
ings of small and medium size where the heater can be placed at a 
sufficient height above the boilers. 

Temperature control is usually secured automatically by placing 
pneumatic valves upon either the direct or supplementary heaters. 
Mixing dampers are sometimes used instead, in the latter case. Every 
fan system should be provided with a thermometer of large size for 
indicating the temperature of the air in the main duct just beyond 
the fan. 

The ventilation of the toilet-rooms of a school building is a 
matter of the greatest importance. The first requirement is that the 
air-movement shall be into these rooms from the corridors instead of 
outward. To obtain this result, it is necessary to produce a slight 
vacuum within, and this cannot well be done if fresh air is forced 
into them. 

One of the most satisfactory arrangements is to provide exhaust 
ventilation only, and to remove the greater part of the air through 
local vents connecting with the fixtures. 

Hospitals. The best system for heating and ventilating a hos- 
pital depends upon the character and arrangement of the buildings. 
It is desirable in all cases to do the heating from a central plant, 
rather than to carry fires in the separate buildings, both on account 
of economy and for cleanliness. 

In the case of small cottage hospitals with two or three buildings 
placed close together, indirect hot water affords a desirable system for 
the wards, with direct heat for the other rooms; but where there are 
several buildings, and espedally if they are some distance apart, it 
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becomes necessary to substitute steam unless the water is pumped 
through the mains. For large city buildings, a fan system is always 
desirable. 

If the building is tall compared with its ground area, so that 
the horizontal supply ducts will be comparatively short, the double- 
duct system may be used with good results. Where the rooms are 
of good size, and the number of supply flues not great, the use of 
supplementary heaters at the bases of tfie flues makes a satisfactory 
arrangement. Direct radiation should never be used in the wards 
when it can be avoided, even in connection with an independent air- 
supply, as it offers too great an opportunity for the accumulation of 
dust in places which are difficult to reach. 

It is common to provide from 80 to 100 cubic feet of air per 
minute per patient in ordinary wards, and from 100 to 120 cubic feet 
in contagious wards. 

The usual ward building of a modern cottage-hospital generally 
contains a main ward having from 8 to 12 beils, and a number of 
private rooms of one bed each. 

In addition to these, there are a diet kitchen, duty-room, toilet- 
rooms, bathrooms, linen-closets, and lockers. 

For moderately sheltered locations, 30 scjuare feet of indirect 
steam radiation has been found sufficient in zero weather for a single 
ward with one exposed wall and a single window, when u{)on the 
south side of the building. 

For northerly rooms, 40 square feet should be used. In exposed 
locations, the heaters may be made 40 and 50 square feet for north 
and south rooms respectively. The standard pin-radiators rate^. at 
10 square feet of heating surface per section, are commonly used for 
this purpose. In case hot water is used, the same number of sections 
of the deep-pin pattern rated at 15 square feet each may be employed, 
making a total of 45 and (H) scjuare feet i)er room. For comer rooms 
ha\ang two exposed walls and two windows, the amount of radiation 
should be increased about 50 per cent over that given above. 

The wards are usually furnished with fireplaces which provide 
for the discharge ventilation. In case the fireplaces are omitted, a 
special vent flue, either of brick or of galvanized iron, should be pro- 
vided. The^e should not be less than 8 by 12 inches for single wards, 
and the equivalent for each bed in a large ward. Each flue of this 
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kind should have a loop of steam pipe for producing a draught. A 
loop of 1-inch pipe, 10 or 12 feet in height, is usually sufficient for 
this purpose. 

Other rooms than wards are usually heated with direct radia- 
tors, the sizes of which may be computed in the same manner as for 
dwelling-houses. 

Steam tables for the kitchen, sterilizers, and laundry machinery, 
require higher pressures than is necessary for heating. 

In large plants the boilers are usually .nm at high pressure, and 
the pressure reduced for heating. A good arrangement for small 
plants is to provide sufficient boiler power for wanning and ventilating 
purposes, and run at a pressure of 3 to 5 pounds. In addition to 
this, a small high-pressure boiler carrying 70 or 80 pounds should be 
furnished for laundry work and water heating. 

Churches. Churches may l)e wannc^l by furnaces, by indirect 
steam, or by means of a fan. For small buildings the furnace is 
more commonly ustnl. This apparatus is the simplest of all and is 
comparatively inexpensive. Heat may be generated cjuickly, and 
when the fires are no longer needed, they may be allowed to go out 
without danger of damage to any part of the system from freezing. 

It is not usually necessary that the heating apparatus be large 
enough to warm the entire building at one time to 70 degrees with 
frequent change of air. If the building is thoroughly warmed l)efore 
occupancy, either by rotation or by a slow inward movement of 
outside air, the chapel or Sunday-school room may Ix* shut off until 
near the close of the service in the auditorium, when a portion of the 
warm air may be turned into it. When the service ends, the switch- 
damper is opened wide, and all the air is discharged into the Sunday- 
school room. The position of the warm-air registers will depend 
somewhat upon the construction of the building, but it is well to keep 
them near the outer walls and the colder parts of the room. Large 
inlet registers should be placed in the floor near the entrance doors, 
to stop cold draughts from blowing up the aisles when the doors are 
opened, and also to be used as foot-warmers. 

Ceiling ventilators are generally provided, but should be no 
larger than is necessary to remove the products of combustion from 
the gaslights, etc. If too large, much of the warmest and purest 
air willescape through them. The main vent flues should be placed 
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in or near the floor and should be connected with a vent shaft leading 
outboard. This flue should be provided with a small stove or flue 
heater made specially for this purpose. In cold weather the natural 
draught will be found sufficient in most cases. 

The same general rules are to be followed in the case of 
indirect steam as have been described for furnace heating. The 
stacks are placed beneath the registers or flues, and mixing dampers 
provided. If there are large windows, flues should be arranged to 
open in the window-sills, so that a sheet of warm air may be delivered 
in front of the windows, to counteract the efFects of cold down-draughts 
from the exposed glass. These flues may usually be made 3 or 4 
inches in depth, and should extend the entire width of the window. 
Small rooms, such as vestibules, library, pastor's room, etc., are usually 
heated with direct radiators. Rooms which are used during the 
week are often connected with an independent heater so that they 
may be warmed without running the large boilers, as would otherwise 
1x5 necessary. 

When a fan is used, it is desirable, if possible, to deliver the air 
to the auditorium through a large numl)er of small openings. This 
is often done by constnicting a shallow box under each pew, nmning 
Its entire length, and connecting it with the distributing ducts or a 
plenum 3paee by means of a pipe fn)m below. The air is delivered 
at a low velocity through a long slot, as shown in Fig. 174. 

The warm-air flues in the window-sills should be retaine<l, but 
may l>e made shallower, and the air forced in at a high velocity. 

If the auditorium has a sloping floor, a plenum space may be 
provided between the upper or raised portion and the main floor. 
Sometimes a shallow basement 3 or 4- feet in height, with a cemented 
floor, and extending under the entire auditorium, is used as an air 
or plenum space. 

If the basement is of good height and used for storage or other 
purposes, it is necessary to carry galvanized-iron ducts at the ceiling 
under the center of each double row of pews, and to connect with 
each pair by means of branch uptakes. The size of these should 
l)e equal to«3 or 4 square inches for each occupant. 

Another method is to supply the air through a small register in 
the end of each pew. This simplifies the pew construction some% 
what, but otherwise is not so satisfactory as the preceding method. 
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If the special pew construction is too expensive, or for any othet 
reason cannot well be used, and the fan is to be retained, the greater 
part of the air is best introduced through wall registers placed about 
8 feet above the floor, with exhaust openings at or near the floor. 
By this arrangement the air is thrown horizontally toward the center 
of the church, and much of it falls to the breathing level without 
rising to the upper part of the room. 

Halb. The treatment of a large audience hall is similar to that 
of a church, the warming being usually done in one of the three ways 
already descrilied. \Miere a fan is used, the air is commonly delivered 

through wall registers placed in 
part near the floor, and partly at a 
height of 7 or 8 feet above it. TJiey 
should l>e made of ample size, 
so that then* will Ik* freedom from 
draughts. A part of the vents 
should l>e placed in the ceiling, 
and the remainder near the floor. 
All ceiling vents, in both halls and 
churches, should l>e provided with 
dampers having means for hold- 
ing them in any desired position. 
If indirect gravity heaters are 
used, it will generally be necessary 
to place heating coils in the vent 
flues for use in mild weather; but 
if the fresh air is supplied by 
means of a fan, there will usually be 
pressure enough in the room to force the air out without the aid of 
other means. When the vent air-ways are restricted, or the air i^ 
impeded in any way, electric ventilating fans are often used. These 
give especially good results in warmer weather, when, natural venti- 
lation is sluggish. The temperature may be regulated either by 
using the double-duct system or by shutting off or turning on a greater 
or less number of sections in the main heater. After an audience 
hall is once warmed and filled with people, very little heat is required 
to keep it comfortable, even in the coldest weather. 

Theaters. Ip designing heating and ventilating systems for 
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theaters, a wide experience and the greatest care are necessary to 
secure the best results. A theater consists of three parts: the body 
of the house, or auditorium; the stage and dressing-rooms, and the 
foyer, lobbies, corridors, stairways, and offices. Theaters are usually 
located in cities, and surrounded with other buildings on two or more 
sides, thus allowing no direct connection by windows with the ex- 
ternal air; for this reason artificial means are necessary for providing 
suitable ventilation, and a forced circulation by means of a fan is the 
only satisfactory means of accomplishing this. It is usually advisable 
to create a slight excess of pressure in the auditorium, in order that 
all openings shall allow for the discharge rather than the inward 
leakage of air. 

The general and most approved methofl of air-<listribution is 
to force it into closed spaces beneath the auditorium and balcony 
floors* and allow it to discharge upward through small openings 
among the seats. One of the l)est methods is through chair-legs 
of special latticed design, which are placed over suitable openings in 
the floor; in this way the air is delivered to the h)om in small streams, 
at a low velocity, without draughts or currents. The discharge 
ventilation should be largely through ceiling vents, and this may be 
assisted if necessary by the use of ventilating fans. Vent openings 
should also be provided at the rear of the balconies, either in the wall 
or in the ceiling, and these should be connected with an exhaust fan 
either in the basement or in the attic, as is most convenient. 

The close seating of the occupants produces a large amount of 
animal heat, which usually increases the temperature from 6 to 10 
degrees, or even more; so that, in considering a theater once filled 
and thoroughly warmed, it becomes more of a question of cooling 
than one of warming to produce comfort. 

The dressing-rooms should be provided with a generous supply 
of fresh air, sufficient to change the entire contents once in 10 minutes 
at least, and should have discharge flues of sufficient size to carry 
away this amount of air at a velocity not exceeding 300 feet per 
minute, unless connected with an exhaust fan, in which case the 
velocity may be doubled. The foyer, corridors, dressing-rooms, 
etc., are generally heated by direct radiators, which may be con- 
cealed by ornamental screens if desired. 

Office Buildings. This class of buildings may be satisfactorily 
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warmed by direct steam, hot water, or, where ventilation is desired, 
by the fan system. Probably direct steam is used more frequently 
than any other system for this purpose. Vacuum systems are well 
adapted to the conditions usually found in this type of building, 
as most modern office buildings have their own light and power 
plants, and the exhaust steam can thus be utilized for heating pur^- 
poses. The piping may be either single or double. If the former 
is used, it is better to carry a single main riser to the upper story, and 
run drops to the basement, as by this means the steam and water 
flow in the same direction, and much smaller pipes can be used than 
would be the case if risers were carried from the basement upward. 

Special provision must be made for the expansion of the risers or 
drops in tall buildings. They are usually anchored at the center, 
and allowed to expand in both directions. The connections with the 
radiators must not be so rigid as to cause undue strains or to lift the 
radiators from the floor. 

It is customary, in most cases, to make the connections with 
the end farthest from the riser; this gives a length of horizontal pipe 
which has a certain amount of spring, and will care for any vertical 
movement of the riser that is likely to occur. Forcetl hot-water 
circulation is often used in connection with exhaust steam. The 
water is warme<l by the steam in large heaters similar to feed^water 
heaters and is circulated through the system by means of centrifugal 
pumps. This has the usual advantage of hot water over steam, 
inasmuch as the temperature of the radiators may Ikj regulated to 
suit the conditions of outside temperature, 

When a fan system is used the arrangement of the air-ways is 
usually somewhat different from any of those yet described. Owing 
to the great height of these buildings, and the large number of small 
rooms which they contain, it is impossible to carry up separate flues 
from the basement. One of the best arrangements is to construct 
false ceilings in the corridor-ways on each floor, thus forming air- 
ducts which may receive their supply through one or more large up- 
takes extending from the basement to the top of the building. These 
corridor air-ways may be tapped over the door of each room, the 
openings being provided with suitable regulating dampers for gauging 
the air-supply to each. Adjustable deflectors should be placed in 
the main air-shafts for proportioning the quantity to be delivered 
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to e«ach floor. If lK)th supply and discharge ventilation are to be 
provide<l, the fresh air may be carried in galvanized-iron ducts within 
the ceiling spaces, and the remainder used for conveying the exhausted 
air to uptakes leading to a discharge fan placed upon the roof of 
the building. In both of these cases, it is assumed that heat is sup- 
plied to the rooms by direct radiation, and that the air-supply is for 
ventilation only. 

Apartment Houses. These are warmed by , furnaces, direct 
steam, and hot water. Furnaces are more often used in the smaller 
houses, as they are cheaper to install, and require a less skilful at- 
tendant to operate them. Steam is probably used more than* any 
other system in blocks of larger size. A well-designed single-pipe 
connection, with automatic air-valves dripped to the basement, is 
probably the most satisfactory in this class of work. People who 
are more or less unfamiliar with steam systems are apt to overlook 
one of the valves in shutting off or turning on steam; and where only 
one valve is used, the difficulty arising from this is avoided. Where 
pet-cock air-valves are used, they are often left open through careless- 
ness; and the automatic valves, unless dripped, are likely to give more 
or less trouble. 

Greenhouses and Conservatories. Buildings of this class are 
heated in some cases by steam and in others by hot water, some florists 
preferring one and some the other. Either system, when properly 
designed and constructed, should give satisfaction, although hot 
water has its usual advantage of a variable temperature. The 
methods of piping are, in a general way, like those already described, 
and the pipes may be located to run underneath the beds of growing 
plants or above, as bottom or top heat is desired. The main is gen- 
erally run near the upper part of the greenhouse and to the farthest 
extremity, in one or more braiiches, with a pitch upward from the 
heater for hot water and with a pitch downward for steam. The 
principal radiating surface is made of parallel lines of IJ inch or 
larger pipe, placed under the benches and supplied by the return 
current. Figs. 175, 176, and 177 show a common method of running 
the piping in greenhouse work. Fig. 175 shows a plan and eleva- 
tion of the building with its lines of pipe; and Figs. 176 and 177 give 
details of the pipe connections of the outer and inner groups of pipes 
wspectively. 
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Any system of piping which gives free circulation and which is 
adapted to the local conditions, should give satisfactory results. The 
radiating surface may be computed from the rules already given. 
As the average greenhouse is composed almost entirely of glass^ we 




Fig. 175. Plan and EleTatlon Showing One Method of Running Piping In a Greenhouse 

may for purposes of calculation consider it such; and if we divide 
the total exposed surface by 4, we shall get practically the same 
result as if we assumed a heat loss of 85 B. T. U. per square foot of 
surface per hour, and an efficiency of 330 B. T. U. for the heating 
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coils; so that we may say, in general, that the square feet of radiating 
surface required equals the total exposed surface, divided by 4 for 
steam coils, and by 2.5 for hot-water. These results should be in- 
creased from 10 to 20 per cent for exposed locations. 

CARE AND MANAGEMENT 

The care of furnaces, hot-water heaters, and steam boilers has 
been discussed in connection with the design of these different systems 
of heating, and need not be repeated. The management of the 
heating and ventilating systems in large school buildings is a matter 
of much importance, especially in those using a fan system. To obtain 
the best results, as much depends upon the skill of the operating 
engineer as upon that of the designer. 

Beginning in the boiler-room, he should exercise special care 
in the management of his fires, and the instruction given in "Boiler 
Accessories" should be carefully followed; all flues and smoke 
passages should be kept clear and free from accumulations of soot 
and ashes by means of a brush or steam jet. Pumps and engine should 
be kept clean and in perfect adjustment, and extra care should be 
taken when they are in rooms through which the air-supply is drawn, 
or the odor of oil will be carried to the rooms. All steam traps should 
be examined at regular intervals to see that they are in working order; 
and upon any sign of trouble, they should be taken apart and care- 
fully cleaned. 

The air-valves on all direct -and indirect radiators should be 
inspected often; and upon the failure of any room to heat properly, 
the air-valve should first be looked to as a probable cause of the diffi- 
culty. Adjusting dampers should be placed in the base of each flue, 
so that the flow to each room may be regulated independently. In 
starting up a new plant, the system should be put in proper balance 
by a suitable adjustment of these dampers; and, when once adjusted, 
they should be marked, and left in these positions. The temperature 
of the rooms should never be regulated by closing the inlet registers. 
These should never be touched unless the room is to be unused for 
a day or more. 

In designing a fan system, provision should be made for air- 
rotation; that is, the arrangement should be such that the same 
air may be taken from the building and passe<l through the fan and 
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Fig. 176. C<iniieetlon8 of Outer (Jroiips of Pipes of Oreenhouse Shown In Pig. 175* 




Fig. 177. Connections of Inner Groups of Pipi»s of Greenhouse Shown In Fig. 175. 
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heater continuously. This is usually accomplished by closing the 
main vent flues and the cold-air inlet to the building, then opening the 
class-room doors into the corridor-ways, and drawing the air down 
the stair-wells to the basement and into the space back of the main 
heater through doors provided for this purpose. In warming up a 
building in the morning, this should always be done until about 
fifteen minutes before school opens. The vent flues should then be 
opened, doors into corridors closed, cold-air inlets opened wide, and 
the full volume of fresh air taken from out of doors. 

At night time the dampers in the main vents should be closed, 
to prevent the warm air contained in the building from escaping. 
The fresh air should be delivered to the rooms at a temperature of 
from 70 to 75 degrees; and this temperature must be obtained by 
proper use of the shut-off valves, thus running a greater or less number 
of sections on the main heater. A little experience will show the 
engineer how many sections to carry for different degrees of outside 
temperature. A dial thermometer should be placed in the main 
warm-air duct near the fan, so that the temperature of the air delivered 
to the rooms can be easily noted. 

The exhaust steam from the engine and pumps should be turned 
into the main heater; this will supply a greater number of sections 
in mild weather than in cold, owing to the less rapid con- 
densation. 
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STEAM BOILERS AND CONNECTIONS 

Small Cast-Iron Boilers. For small low-pressure steam heating 
jobs, boilers made up of very few sections are used. Two types are 
illustrated in Figs. 1 and 
2. The ratings of such 
boilers range, as a rule, 
from about 200 square 
feet to 800 square feet. 
These figures and those 
following are intended 
to give merely a general 
idea of the capacities of 
lx)ilers of various types. 
There is no hard and fast 
rule governing, the mat- 
ter, manufacturers vary- 
ing greatly in their prac- 
tice. The ratings men- 
tioned are given in the 
number of square feet of 
direct radiation the boiler 
is rated to supply, with 
steam at from 3 to 5 
pounds' pressure when 
the radiators are sur- 
rounded by air at 70"^ F. 

Boilers similar, in a 
general way, to the one 
illustrated in Fig. 3 are 

, - . , , ^ Fig. 1. Small Low-Pressure Steam Heating Boiler. 

used for jobs somewhat 

larger than the boilers above described would be adapted to. . These 
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lK)ilers have grates ranging generally from 18 inches to 36 inches 
diameter, and are rated from about 300 square feet to 1,600 scjuare 
feet, or more. 

The boilers above described have the disadvantage of not l)eing 
capable of having their grate surface increased by adding sections, a? 
may readily be done with boilers having vertical sections. 

Cast-iron Boilers with Vertical Sections. Boilers for jobs having 




Fig. 2. Small Low-Pressure Steam Heating Boiler. 

anywhere from 500 to 5,000 square feet of surface, or mt)re, are made 
^jp of vertical sections, as in Fig. 4, connected either by slip nipples or 
by drums and nipples with long screws and lock-nuts. 

Very many slip-nipple boilers are now being manufactured, find- 
ing favor with fitters owing to the ease with which they can be erected. 
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The larger sizes of vertical sectional boilers are often made up of 
two sets of sections placed opposite each other, as shown in Fig. 5. 
Such boilers are rated up to 6,000 square feet and over. 

Arrangement of Orates. Certain makers, in order to avoid mak- 
ing patterns for a boiler 
with a wide grate, secure 
the necessary grate sur- 
face by adding to the 
length. For ordinary 
low-pressure heating, the 
efficiency of any grate 
over 6 feet in * length 
falls off very rapidly, 
owing to the difficulty of 
properly caring for the 
fire. Six feet should be 
considered about the 
limit for the length of a 
grate in a low-pressure 
boiler. 

Not long ago few 
portable boilers with 
grates wider than 36 
inches were manufac- 
tured. Now, boilers with 
42-inch, 48-inch, and 
even wider grates, are 
common. 

Selection of Boilers. 
It is well in selecting a 
boiler, to see that the 
proportion of heating 
surface to grate surface 
is not less than 16 to 1, 
and in large boilers not ^^^-^ steam Heating BoUer. 

less than 20 to 1 ; that the fire-box is deep, so that ample coal may 
be put on to burn through the night; that the grate is not too long 
for convenient firing and cleaning; that there is* ample steam space; 
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and that the water line is not broken into too manv small areas involv- 
ing the likelihood that water will be lifted by rapid evaporation and 
wet steam result. See to it, also, that the ash-pit is deep, and that 
the grate is of a design that will permit convenient operation of the 
boiler. 

On large jobs, it is better, as a rule, to use two boilers. One 
must remember that a plant must be designed for the coldest weather; 

and since the average 
temperature during the 
heating season is, in 
many Northern sections, 
not far- from 40°, one of 
a pair of lx)ilers will be 
sufficient under average 
conditions to do the 
work with economy; 
whereas a single, large 
boiler, during a good 
part of the heating sea- 
son, would have to be 
run with drafts checked 
and under very unfavor- 
able conditions as to 
economy. It is almost 
as poor economy to have 
too large a boiler as to 

Fig. 4. Steam Heating Boiler with Vertical Sections. Vjoy^ one toO Small for 

if run with the feed-door open or drafts closely checked, incom- 
plete combustion takes place. 

Boilers for Soft Coah Some boilers for burning soft coal are 
arranged with a perforated pipe or duct discharging heated air above 
the fire to make the combustion more complete and thus diminish the 
amount of smoke given off. This arrangement is of s6mewhat doubt- 
ful utility, since it is difficult to heat the air properly, and to regulate 
its admission. 

It is necessary, for soft coal boilers, that the flues and smoke-pipe 
l>e larger than for hard coal heaters, in order to provide for the more 
rapid accumulation of soot. Soft coal boilers are also built on the 
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down-draft principle, the air beiijg drawn down through the fire in- 
stead of passing upward in the usual manner. 

Coke Boilers. Coke is a popular fuel in some parts of the coun- 




Fig. 5. Vertical Sectional Boiler. 



try; and certain makers are putting out specially designed boilers 
for this service, having a very deep fire-box. 

Boiler Setting and Foundations. Brick setting of boilers, as 




Fig. 6. Boiler In Brick Setting. 

in the case of furnaces, has been quite generally discarded, except 
in cases where the space around and above the boiler is used as a cen- 
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tral heating chamber for indirect systems, the radiators being placed 

above the heater (see Fig. 6). The pipes lead off as in furnace heating. 

The ash-pits under most boilers are rather shallow; therefore 




Fig. 7. Pit for Ck)llection of Hot Ashes. 

it is a good plan to excavate and build a pit not less than 4 to 6 inches 
l)elow the floor, to give additional space for the collection of hot ashes, 
thus avoiding the burning-out of grates. Such pits should be built 

preferably of brick, and the 
lx)ttom should be paved with 
bricks on edge, to prevent 
their being easily dislodgeil. 
Fig. 7 shows the general ar- 
rangement of an ash-pit built 
as described. 

Boiler Connections. Small 
jobs frequently have no stop 
valves at the boiler. In the 
case of larger ones, or where 
there are two boilers, valves 
in the supply mains must al- 
ways be accompanied with 
check valves in the returns; 
otherwise, in case a stop valve 
in the main steam line is 
closed, the water will be 
backed out of the main returns 
at the boiler, by the pressure. Should the water partially leave the 
boiler in this manner and then suddenly return, the water coming in 
contact with the heated sections will crack them. 

A stop valve should be placed between the boiler and the check 
valve in the return. A typical arrangement of retuin, etc., is shown 




^ffain return in duct 
Fig. 8. Typical Arrangement of Return, 
Showing Check Valve. 
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in Fig. 8. It is convenient to have an independent drain .connection 
from the returns to provide for drawing off the water in the system 
without emptying the water from the boiler. The latter, of course, 
has its independent blow-off cock. The water supply to the boiler 
should be controlled by a lock-shield 'valve or a cock that cannot be 
tampered with by any person not in charge. Boilers having eight 
sections or more, as a rule, have two or more steam outlets, thus re- 
ducing the likelihood of the boiler priming or making wet steam, since, 
with a single outlet, the velocity of steam through it may be so great 
that the water is picked up and carried into the piping system. 




Fig. 0. Method of Connecting Two Boilers. 

When two boilers are to be connected, especial care must be taken 
to make them maintain an even water line when working together. 
Fig. 9 shows a method of making these connections that is simple and 
effective. The valved connection between the two boilers, below 
the water, gives free communication between tljem, making them work 
as one and preventing a difference in the water level in the two boilers. 
The equalizing pipe is often omitted, the header being made about 
twice the diameter of the pipes leading to it from the boilers. 

The returns are connected with the twin boilers practically as 



231 



Digitized by 



Google 



STEAM AND HOT WATER FITTING 



shown in Fig. 8, the check valve being placed between the stop valve 
of each boiler and the main return. 

Boiler Fittings or Trimmings. It is important to have a reliable 
safety-valve, preferably one of th^ "pop'' type specially designed for 
steam heating systems. 

The damper regulators used are of the ordinary diaphragm pat- 
tern, and should be connected by chains with both the lower draft door 
below the grate, and with the cold-air check in the smoke connection. 
. The steam gauge wfth siphon, the water column, water gauge, 
gauge cocks, etc., require no special description. 

Capacity of Boilers. Boiler capacities are commonly expressed 
in the number of square feet of direct radiating surface they will supply 
without undue forcing. Mains and risers should, of course, be added 
to the actual amount of surface in the radiators and coils. Even if 
the pipes are covered, a small allowance should be added to the com- 
bined surface of the radiators. Not less than 50 per cent, and pre- 
ferably 60 per cent, must be added to indirect radiation, to reduce it to 
equivalent direct radiation; and not less than 25 to 30 per cent to di- 
rect-indirect radiation, to get its equivalent in direct surface. Another 
' point to be kept in mind in selecting a boiler for heating rooms to be 
kept at different temperatures, is that more heat is given off per square 
foot of radiation in a room at 50°, for example, than in a room kept 
at 70°, the amount given off being approximately proportional to the 
difference in temperature between the steam and the air. With steam 
at, say, 220°, corresponding to a trifle over 2 pounds' pressure, tile 
difference, in the case assumed, would be 220°— 50° = 170°,and 220°— 
70° = 150°. That is, the actual amount of radiation in the rooms 
to be kept at 50° should be multiplied by ^ J j] ta ascertain the amount 
of radiation in a 70° room that would give off the same amount of heat. 

It is common practice to allow roughly for the loss of heat from 
uncovered mains, branches, and risers, by adding about 25 per cent to 
the actual direct radiating surface in radiators and coils. 

Example. WTiat should be the capacity of a boiler to supply 
steam to 1,000 square feet of direct radiation in a room to be kept at 
70°, to 800 square feet of indirect radiation ; and to 1,500 square feet of 
direct radiation, in rooms to be kept at 50° F.? 
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Direct radiation 1 ,000 sq. ft. 

Equivalent in direct radiation of 800 sq. ft. of 

indirect « 800 X li = 1,200 " " 
Equivalent in direct radiation, in rooms at 70**, of 1,500 sq. ft. 

in rooms at 50° « iJ X 1,500 - 1,700 '» " 

Total equivalent D. R. S. (direct radiating surface) exposed 

in 70° air = 3,900 sq. ft. 
Add 25 per cent of actual surface to allow approxi- 
mately for piping « 825 " " 

Total equivalent D^ R. S., or Boiler Rating = 4,725 sq. ft. 

Grate Surface and Heating Capacity. It is advisable always to 
check the catalogue ratings of boilers as follows, when selecting one 
for a given service: 

Suppose the Direct Radiating Surface, including piping, is 3,000 
square feet. One square foot, it may be assumed, will give off about 
250 heat units in one hour — a heat unit being the amount of heat 
necessary to raise the temperature of 1 pound of water 1 degree Fahren- 
heit. A pound of coal may safely be counted on to give off to the water 
in the boiler 8,000 heat units. Now, 3,000 sq. ft. X[250 heat units 
H- 8,000 heat units, gives the amount of coal burned per hour; and this, 
divided by the square feet of grate, gives the rate of combustion per 
square foot per hour. Suppose in this case, the grate has an area of 

3000 X 250 
15 sq. ft. ; then ^^^^^ ^, - 6.25 pounds coal burned per square foot 

of grate surface per hour. This is not a high rate for boilers of this 
size, though for ordinary house-heating boilers the rate should not 
exceed 5 pounds; and for small heaters having 2 to 4 square feet of 
grate, the rate should be as low as 3 to 4 pounds per square foot of 
grate per hour. Otherwise, more frequent attention will be required 
than it is convenient to give to the operation of such small boilers. 
This is where depth of fire-box plays an important part, for, with a 
shallow fire, the coal quickly bums through, necessitating frequent 
firing. 

Coal Consumption. For house-heating boilers a fair maximum 
rate of combustion is 5 pounds per square foot of grate per hour. In 
many residences it is the custom to bank the fire at night, when the 
rate will fall to, say, 1 pound. In cold weather, then, one square foot 
of grate would bum 5 pounds of coal for each of 16 hours, and 1 pound 
during each of the remaining 8 hours, a total of SO + 8 = 88 pounds. 
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In many sections of the country, the average outside temperature dur- 
ing the heating season is about 40°; and since the heat required is 
proportional to the difference in temperature between indoors and 

70*^ — 40° 
outside, the average coal consumption would be only -^q _ ^q = f of 

the maximum in zero weather. 

With a heating season of 200 days, the coal burned on one square 
foot of grate would be 200 X 4 X 88 = 7,600 pounds in round num- 
bers, corresponding to an average rate throughout the season of 

7, 600 pounds 
200days X 24 hi^. = ^'^ P^"'^^^ approximately. 

A method of approximating the coal consumption for a given 
amount of radiating surface, designed to maintain a constant tem- 
perature in rooms of 70° day and night, would be to multiply the 
surface (which, for example, take at 1,000 square feet, including 
allowance for mains) by 250 heat units — the amount given off by a 
square foot per hour — and then multiply the product by |, as explain- 
ed above, to allow for average conditions. This gives 1,000 X 250 
X f , which, divided by 8,000 heat units per pound of coal, gives the 
weight of coal required per hour; and this, multiplied by the hours 
per season, gives the total consumption, 

Non-Conducting Coverings. It is customary to cover cast-iron 
sectional boilers with non-conducting material composed as a nfle 
chiefly of asbestos or magnesia applied in a coating 1 1 to 2 inches thick, 
the exterior being finished hard and smooth. 

Exposed basement piping in first-class work is covered with sec- 
tional covering f inch to 1 inch thick, according to the character of 
the work. 

The loss of heat through fairly good coverings, is not far from 
20 per cent of the loss from a bare pipe, which, with low-pressure 
steam, is approximately 2 heat units per square foot per hour for each 
degree difference in temperature between the steam and the surround- 
ing air. 

STEAM RADIATORS AND COILS 

Direct Radiators. The commonest forms of radiators to-day 
are the cast iron vertical loop varieties, types of which are shown 
in Figs. 2 and 13 in Part I (Heating and Ventilation). These are 
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made up with slip-nipple or screw-nipple connections, the standard 
height being about 36 to 38 inches. 

It is, of course, advisable to use radiators of standard height when 
possible, since they are cheaper than the lower radiators, which must 




Fig. 10. Low Radiator to be Placed Below Window Sill. 

be used when placed below window sills (see Fig. 10). Single-column 

radiators are more efTective than those having a greater number of 

vertical loops, since in the latter the air flow is retarded and the 

outer loops cut off the radiant heat 

from the inner ones. Radiators with 

four or more columns are generally 

used where the length of the space 

in which they must be placed is 

limited. 

Wall radiators (see Fig. 4, Part 
I, Heating and Ventilation) have 
become very popular because of 
their neat appearance and the small 
distance they project into the room. 
They are very effective heaters, and, 
although more expensive than cer- 
tain other types of cast-iron radia- 
tors, less surface is required, which 
tends to offset the increased cost. These radiators are made up in 
such a variety of forms that they can be adapted to almost any 
location. 

Concealed Radiators. A favorite method of concealing radiators 




Fi^. 11. Concealed Radiator with 
Register Face. 
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is to place them below window-sills, with a grating or register face in 
front of and above them, as shown in Fig. 11. By this arrangement, 
the radiant heat is to a great extent cut off. The gratings must have 
ample area to permit the free circulation of air, and should have not 




Fig. 12. Radiator for Use without Gratings. 

less than 2 or 2^ square inches of free area to each square foot of 
radiating surface, for inlets and outlets respectively. It is advisable 
to increase these allowances slightly when possible. 

The same rule applies to radiators placed below seats. A radia- 
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Fig. 13. Hook Plates. Pig. U. Expansion Plates. 

tor designed specially for this purpose, for use without gratings, is 
shown in Fig. 12. 

Wall Coils. An ordinary wall coil or manifold coil, made up 
generally of 1 J-inch pipe, with branch tees or manifolds, is illustrated 
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in Fig. 39, Part I (Heating and Ventilation). The long runs of such 
coils rest on hook plates (Fig. 13); the short pipes near the corner, on 
expansion plates (Fig. 14), on which the pipes are free to move when 
the long pipes expand. Such coils are very effective when placed 
below the windows of a factory, in which class of buildings they find 
their widest application. 

Miter Coils. Miter coils, as shown in Fig. 15, are used for over- 
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Pig. 15. Miter Ck)lls for Overhead Heating. 

head heating, the coils being suspended about 8 to 
10 feet from the floor, and 3 to 4 feet from the walls. 
A good type of hanger is shown in Fig. 16. The 
same type of coil, when placed alongside a wall, is 
known in certain sections as a har'p coil (see Fig. 17), 
and may be used where long runs must be made along a wall, but 
where it is impossible to install the type of coil shown in Fig. 39, 
Part I (Heating and Ventilation), owing to doorways or other ob- 
structions. Two harp coils could be used along a wall, for example, 
avoiding a doorway; and the expan- 
sion erf the pipes would be pro- 
vided for by the short vertical lines. 
Return-Bend Coils. Return- 
bend coils, known in some parts of 
the country as trombone coils, are 
shown in Fig. 40, Part I (Heating 
and Ventilation). These are suit- 
able only for rather short runs, since 
the steam must pass through the 
several horizontal pipes successively, 
and, if the radiating surface is greater than the capacity of the upper 
line of pipe to supply it properly, the steam is condensed before reach- 
ing the lower lines. With the harp or other coils having headers or 
branch tees, sufficient steam can enter to fill all the pipes at once, pass- 
ing through the parallel lines at the same time. 
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Fig. 16. An Approved Type of 
Hanger. 
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Direct-Indirect Radiators. A direct-indirect radiator is shown 
in Fig. 18. The air enters through a louver- 
ed or slatted wall opening with screen. Pro- 
vision is made to shut this oflF and admit air 
simultaneously from the room, making the 
radiator essertially a direct radiator when the 
cold air is ohut off. The best location for the 
coki-air opening is probably just below the 
sills, the wall boxes being less conspicuous in 
this pxsition. 

Two forms of indirect radiators are 
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Fig. 17. Harp CoU. 

shown in Fig. 7, Part I, and Fig. 3, Part II (Heating and Ventilar 

tion), the shallow sections being 
used largely for house heating, 
the deep ones for schoolhouse 
systems. The latter arc provided 
with extra long nipples for spac- 
ing the sections about 4 Inches on 
centers, to give a proper passage 
for a large volume of air. 

Indirect Radiators. The in- 
direct radiators are enclosed in 
galvanized-iron casings about 30 
inches deep, giving a space of 6 
or 8 inches above and below the 
radiators. The beams over the 




Fig. 18. Direct-Indirect Radiator. 



radiators are commonly covered with rough boards, to which tin or 
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tin and asbestos is nailed, the casing being flanged at the top and 
screwed or nailed to these boards. 

The casings should be made with corners of a type that will per- 
mit the ready removal of the sides in case 
of repairs being needed; and the bottom 
of the casing should be provided with a 
slide for inspection and cleaning. The 
larger sections, when used for schoolhouse 
heating, are arranged as shown in Fig. 19, 
with a mixing damper designed to cause 
a mingling of the warm and cold air in 
the flue, the volume discharged being but 
slightly reduced, with a decrease in tem- 
perature due to opening the damper to 
cold air. The space for the passage of 
air between the shallow sections contain- 
ing about 10 square feet each, is about J 
of a foot; the space between the sections 
of the deep pattern is not far from \ a 
foot when the sections are properly spaced. 

Heat Given Off by Steam Radiators. 
Of the heat emitted by direct radiators, 
approximately one-half is by radiation, the balance by convection or 
the contact of air. Since practically no heat is radiated from con- 
cealed radiators, it is very important that proper provision should be 
made for the passage of an adequate volume of air over the heating 
surface. 




Pig. 19. Arrangement of Cas- 
ings for Use In Connection 
with Indirect Radiators. 



TABLE I 

Heat Units Emitted from Radiators and Coils 

Radiation per square foot of radiating surface per hour.— In rooms at 70* F. tempera- 
ture.— With steam at 8 to 5 pounds' pressure. 

Type op Radiator Hbat Units Emitted 

(Approximate) 

Concealed cast-iron direct radiators 175-200 

Ordinary cast-iron vertical-section radiators 250 

Wall radiators 300 

Pipe coils on walls 325 

Pipe coils overhead (pipes side by side) 350 

Ordinary cast-iron extended-surface indirect radiators (air 

admitted from outdoors) 400 
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Wall radiators and coils give off more heat under the same con- 
ditions tlian is emitted by onlinary vertical cast-iron radiators. 

Much might be said rcganling the efficiency of radiators due to 
their height, form, and arrangement. For the purposes of this course, 
however, only fair average values will be given, as set forth in Table I, 
a iliscussion of radiator te.sts, etc., being omitted to avoid unnecessaiy 
detail. 

STEAM PIPING 

Size of Main for Circuit System. Sinc*e the main of a circuit 
system, as descrilx?d in Part I (Heating and Ventilation), must carry 
lK)th steam and water of c^)n<lensation, it should l)e made considerably 
larger in pn)iK>rtion to the surface supplied than mains which are drip- 
ped at inten'als or which carry only the c*ondensation from the main 
itself. 

Sizes, ample for circuit mains of ordinary length, are indicated 
in tlie accompanying table: 

TABLE II 
Sizes of Circuit Mains 

DiAMETEU OP CimUIT MAIN DlUECT RADIATFNG SUKFACB 

2 inches 200 sq. ft. 
2i " 350 " " 

3 " GOO " " 
3i " 900 " " 

4 *' 1,200 " " 
4i " 1,700 " " 

5 " 2,100 " *' 
G " 3,000 " " 

Dry Return System. In many cases it is desirable to run the 
supply and return mains overhead. Such systems contain less water 
than wet return systems, and are therefore more susceptible to changes 
in the fire, because of the smaller quantity of water in the apparatus. 
The return mains must be made larger than when they are placed 
below the water line, since they are filled with steam, except the space 
occupied by the return water running along the bottom. The pipes 
should have a greater ptich than wet returns. 

With drj' returns, if certiun supply risers are of inadequate size, 
steam is apt to back up into the radiator through the dry returns and to 
cause a holding-back of the water in the radiators. To prevent this, 
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check valves are sometimes introduced in the branch returns. If the 

piping is properly proportioned, however, this is unnecessary. Siphon 

drips are frequently used, as 

explained in Part I (Heating 

and Ventilation). 

Wet Return Systems. This 

system, illustrated in Fig. 20, 

provides for water sealing all 

returns and drips, and avoids 

the bacldng-up action men- 
tioned above. Suppose, for 

example, the pressure in one of 

the vertical returns is J pound 

less than in the others; then, 

since a column of water 2.3 

feet high corresponds to 1 

pound pressure, the w^ater will 

back up this particular return 

about 1.15 feet higher than in 

the others and thus equalize 

the diflFerence in pressure. Where the mains must be long, the wet 

return system affords the opportunity to rise and drip the supply 

main as often as necessary; w^hereas, with the dry return system, 

the main and return have 
a gradual pitch from start 
to finish. This often 
brings the return so low as 
to interfere with head room. 
With the wet return system 
the return may be dropped 
below the floor line at door- 
ways without interfering 
with the circulation. The 
sizes of wet returns may be 
made considerably smaller 
than dry returns for a given 




Fig. 20. Wet Return System. 
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Fig. 21. Overhead Feed System. 

radiating surface, as shown in Table III. 

Overhead Feed System. The overhead feed system (see Fig. 21) 
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is most commonly used in connection with exhaust steam plants, 
since in such systems the exhaust pipe from the engines must be car- 
ried to the roof, and the steam supply to the building may conven- 
iently be taken from a tee near the upper end of this pipe. The main 

should l>e pitched down, and 
outlets taken from the bottom, 
to drain the condensation 
through the risers (see Fig. 
22). With this system the 
water of condensation always 
flows in the same direction as 
the steam; hence the horizon- 
tal pipes and the jisers may 
be made somewhat smaller 
than in up-feed systems. 

This system has the ad- 
vantage of placing the big 

Pig. 22. outlet Taken from Bottom of Main. ^jj^^^ j^ ^,^^ ^^^;^.^ ^^.j^^^.^ ^,^^;^ 

heating effect is less objectionable than in the basement. As the pipes 
gradually decrease in size from top to bottom, this gives small pipes 
on the lower floors, which in modem buildings generally contain a few 
large rooms and little space for 
concealing pipes. It is fre- 
quently advisable to combine 
with this system the up-feed 
method of heating the first floor, 
which is generally high-studded 
and requires a large amount of 
radiation. Relieving the down- 
feed system of this load means 
smaller risers throughout the 
building, which, in the modern 
sky-scraper, results in a saving 
that more than offsets the cost of 
the separate up-feed system for the lower floor. Another reason why 
it is advisable to put the lower floor on a separate system, is that the 
steam is dry, whereas the steam from an overhead system becomes 
pretty wet from condensation by the time it reaches the lower floor. 
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Fig. 23. Siphon Trap. 
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W9t Return. 



Fig. 24. Arrangement to Rise and 
Drip In Mains at Intervals. 



One-Pipe System. The one-pipe up-feed system is most com- 
monly used in connection with relatively small heating plants. It has 
the advantage of simplicity, there being but a single valve to operate. 
In tall buildings with the up-feed system, the risers must be objection- 
ably large to provide for the pas- 
sage of steam up, and water of 
condensation down, the same 
pi{>e. With the overhead sys- 
tem, the risers may be made con- 
siderably smaller, since the water 
is not hindered in its passage by 
a flow of steam in the opposite 
direction. With this one-pipe 
system, the radiator connections 
should be short and pitched 
downward toward the risers to 
avoid pockets. Wlien used in high buildings with the overhead sys- 
tem, the lower portion of the risers must be liberally proportioiietl, 
otherwise the steam will become too wet. 

The Two-Pipe System. This system is commonly used where the 
radiator connections must be long and where it would be impossible to 

secure a proper pitch to insure 
good drainage with one-pipe ra- 
diator connections. Coils are 
nearly always made up with two- 
pipe connections. In high build- 
ings, where a large amount of 
radiation must be carried by 
each riser, they may be made 
smaller if two-pipe connections 
are made with the radiators. 
This is often a decided advan- 
tage, especially if the risers are to 
be concealed. 

Draining Mains and Risers. With long mains, it frequently is 
the case that if given a continuous pitch they would be too low at the 
extreme ends; and it is therefore customary to rise and drip at intervals, 
as shown in Pigs. 23 and 24. 



AirVQ(ve* 




Fig. 25. Arrangement for Draining 
with Indirect System. 
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msur Dratntng 
To Matn 



The siphon irap (Fig. 23) prevents a greater pressure being in- 
troduced along the overhead return than occurs at the extreme end, 
since any excei*s in pressure at an intermediate point merely forces 
down the water in the inlet leg of the siphon trap to a point where the 

difference in pressure in the two 
mains is equalized by the higher 
level of water maintained in the 
outlet pipe of the syphon trap. 

With indirect systems, the 
mains are frequently drained 
through the benches or stac^ks of 
radiators, the connections being 
taken from the })ottom of the 
main. It is assumed that all the 
indirects will not he shut off at 
the same time (see Fig. 25). 

Mains and risers are com- 
monly drained as shown in Fig. 
20, connections l)eing taken from 
the bottom of the nuiin and the heel of the riser. Risers are not in- 
frequently drained to the main, which in turn is drained at the end 
(see Fig. 2G). This arrangement requires less fitting than when the 

Equaltzfnq Pipe 




Fig. 26. Risers Drained to Main and Main 
Drained at End. 




Artificial Water 



•Stand Pipe 



Line 



o 



Main Return 



Fig. 27. Showing Artificial Water Line. 

risers are relieved at the base, jis shown in Fig. 20. If the mains 
are long, they* should be dripped at intervals of 50 to 75 feet. 

Overhead-feed mains on a down-feed sy.stem are nearly always 
dripped from the bottom to the various risers, as previously stated. 

Artificial Water Line. It is sometimes necessary, when a boiler 
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is set very low with reference to the returns, and it is desired to use a 
wet return system, to seal the relief pipes by means of an artificial 
water line established as shown in Fig. 27. The equaUzing pipe is to 
be connected with a steam main. 

When the discharge from the system leads to an open return, a 
trap must be used. One of 
the type shown in Fig. 28, 
arranged with an equalizing 
pipe and set at the proper 
level, will hold the water 
line in the system, no stand- 
pipe being required. 

Pipe Sizes. — Mains. 
llie capacities of pipes to 
supply heating surface in- 
crease more rapidly than 
their sectional areas; that 
is, a 6-inch pipe, with about 
four times the area of a 3- 
inch pipe, will supply nearly six times as much surface. 

Table III shows the amounts of radiating surface in gravity- 
return systems which main pipes 100 feet long, of different diameters, 
may be safely counted on to supply with low-pressure steam (say, 3 to 
5 lbs.). 

In case the radiating surface is located some distance above the 
water line in the boiler, the carrying capacity of the pipes may be 
increased as much as 50 per cent, owing to the greater drop in pressure 
that may be allowed without interfering with the return of water to the 
boiler. 

Mains are frequently made much larger than necessary, simply 
because the fact has been overlooked that the radiators are located 
well above the boiler, and that a drop in pressure between the boiler 
and the end of the main of } lb., or even more, would be permissible. 

The greater the drop in pressure allowed the smaller may be the 
pipe for a given capacity. 

Pipe Sizes. — One-Pipe Risers. Riser capacities are given in 
Table IV. 



^Outlet 
Fig. 28. Water Line Trap with Equalizing Pipe. 
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TABLE III 

Capacity ot Supply Mains, Gravity Return System, 
Size of Dry and Wet Returns 

Mains 100 ft. long.— Steam at low pressure (3 to 5 lbs.). 



and 
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Capacity in Direct 
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Radiating Surface 
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55 sq. 
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} inch 
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5,700 " 
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4-5 
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3H 
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7 
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8,800 " 


tt 


4-5 


It 
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it 


8 


tt 


12,000 " 


tt 


4-5 


tt 


4 


it 


10 


tt 


20,000 " 


tt 


5-6 


tt 


4 


tt 


12 


tt 


33,000 '' 


ti 


5-6 


tt 


4-5 


tt 



For lengths greater than 100 ft. and for same drop in pressure as for 100 ft., multiply 
the above figures by 0.8 for 150 ft. ; 0.7 for 200 ft. ; 0.6 for 300 ft. ; 0.5 for 400 ft. ; 0.4 for flOO ft. ; 
and 0.3 for 1,000 ft. When the pressure at the supply end of the pii^e can he increased for 
long runs so that the drop in pressure for each 100 ft. can be the same, then the llguros in 
the table can be used for long runs. 

TABLE IV 
Capacities of One-Pipe Risers 



Size op Pipe 


Capacity, 
Up-Feed 


CAPACITY, 

Down-Feed 


1 


inch 


30 sq. 


ft. 


60 sq. ft. 


li inches 


60 " 




110 " " 


li 




120 " 




160 " " 


2 




200 " 




260 " " 


2i 




300 " 




400 " " 


3 




450 *' 




600 " " 


3i 




620 " 




800 " " 


4 




800 " 




1,000 " " 



The capacities of the l-inch and 1 5f-inch pipes for up-feed are somewhat greater than 
those stated; but they are given as above, since these figures correspond closely to stand- 
ard radiator tapping, and it is advisable to make the pipes of the same size as the tapped 
oi>enings. 

In high buildings with the down-feed system, the lower half of the 

risers should be based on not much more than half the capacities stated 

in the right-hand column, in order that the pipes may be of ample size 

to carry off the great amount of condensation from the radiators above, 

without making the steam too wet for use in the radiators below. The 

pipe to the lowest radiator connection should be not less than 2-inch. 
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Pipe Sizes. — ^Two-Pipe Risers. With the two-pipe system, the 
capacity of the risers is of course, considerably greater than with the 
one-pipe system, since the condensation is carried off through a sepa- 
rate system of returns. 

Table V gives the approximate capacities of risers for the two- 
pipe system. 

TABLE V 
Capacities of Two-Pipe Risers 



Size, Supply 


Capacity, 


Capacity, 


Size, Retittin 


Risk 11 


Up-Peed System 


Down-Feed System 


Rlsbk 


1 


inch 


.50 sq. ft. 


55 sq. ft. 


i inch 


1} 


inches 


100 " " 


115 " " 


1 


li 




150 " " 


175 " " 


1-1} inches 


2 




270 " " 


325 " " 


1 -1} " 


2i 




470 " " 


570 " " 


l}-li " 


3 




840 " " 


1,000 " " 


11-li " 


^ 




1,200 '' " 


1,480 " '• 


li-2 - 


4 




1,000 " " 


2,000 " '* 


li-2 '' 



In buUdlngrs over six stories high, with the up-feed Rystem, use 10 iier cent less 
surface than stated in the third column, tt> allow for the Increased length and con- 
densation. 

Pipe Sizes, Indirect. Supply connections with indirect radia- 
tors must be larger for a given surface than for direct radiators. 
The following table gives ample sizes when the radiators are but 
little above the water line of the boiler. When this distance is con- 

TABLE VI 
Sizes of Supply Connections for Indirect Radiators 

DIAKBTER OV FlPB 
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it 
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ti 
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40 
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ft. 


70 




«< 


100 




11 
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It 
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It 
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II 


900 




II 


1,200 




It 


1,600 




It 


2,100 




II 


3,400 




It 


5,400 




It 


7,200 




It 



siderable, the pipes may be safely rated to supply one-third more sur- 
face; for a greater drop in pressure may be allowed between the 
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supply and the return mains, and drop in pressure means a greater 
velocity in the pipes, and consequently a greater flow of steam to the 
radiators. 

Indirect radiators are seldom tapped larger than 2 inches; there- 
fore radiators that require larger connections should be subdivided in 
groups. 

STEAM PRESSURES AND TEMPERATURES 

Steam pressures and temperatures have a certain definite relation 
to each other, the temperature increasing with the pressure, but not 
as rapidly for a given increase with high-pressure as with low-pressure 
steam. For example, with an increase in pressure from 10 pounds 
to 20 pounds, the temperature rises about 19° F.; whereas with an 
increase of 10 pounds from 90 to 100 pounds the temperature increases 





TABLE 


VII 






Temperature of Steam at Various Pressures 




Vacttum (in 
Inches op 
Mbhcuby) 


Temp. ">F. 


Gaugb Pbessubb 

(LBS. PEB SQ. IM.) TEMP. «>P. 





212.1 







212 


5 


203.1 




1.3 


216.3 


10 


192.4 




2.3 


219.4 


12 


187.5 




3.3 


222.4 


14 


182.1 




4.3 


225.2 


16 


176.0 




5.3 


227.9 


18 


169.4 




10.3 


240.0 


20 


161.5 




20.3 


259.2 


22 


152.3 




30.3 


274.3 


24 


147.9 




40.3 


286.9 


26 


125.6 




50.3 


297.8 


28 


101.4 




60.3 
70.3 
80.3 


307.4 
310.0 
323.9 






•v 


90.3 
100.3 
150.3 
200.3 


331.1 
337.8 
365.7 

387.7 



only about 7° F. From atmospheric pressure to 10 pounds' gauge 
pressure, the increase in temperature is nearly 28° F; a slight difference 
in the pressure in radiators making a marked difference in their tem- 
perature. 

In the case of a partial vacuum, so called — expressed generally 
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in inches of mercury — the decrease in temperature as a condition of 
perfect vacuum is approached is very marked, as shown in table 
VII, which gives also steam temperatures corresponding to various 
pressures. The latter are given in each case rV ^^ ^ pound in 
excess of the gauge pressure, as practically all tables of the proper- 
ties of steam give the absolute pressure — that is, the pressure above 
a vacuum — the absolute pressure corresponding to 5.3 pounds' gauge 
pressure, for example, being 20 pounds absolute. 

The atmospheric pressure at sea-level is practically 14.7 pounds 
absolute, and the boiling point of water is 212°. As the pressure 
decreases, due to altitude or to the removal of air from a vessel by 
artificial means, the boiling point falls. 

EXPANSION 

Amount of Expansion. An allowance of j-q^it ^^ ^^ ^^^b per 100 
feet of pipe for each d^ee rise in temperature, Ts a fair allowance 
in computing the amount of expansion that will take place in a line 
of pipe. 

One must assume the temperature at which the pipe will be put 
up — say anywhere from 0° to 40° in an unfinished building in winter — ' 
and, knowing the pressure to be carried, look up in a table of the prop 
erties of saturated steam the temperature corresponding. See table 
VII. 

Example. Find the expansion that will take place in a line 100 
feet long put up in 30-degree weather, when it is filled with steam at 
80 pounds' pressure. The temperature corresponding to 80 pounds' 




Fig. 29. Offset and Swivels. 



steam pressure is 324°; the increase from 30° is 294°, which multiplied 
by -nfuT gives 2 ^YV inches expansion, or, expressed in decimals, 2.35 
inches. 

In low-pressure work 100 feet of pipe heated from 30° to 230° 
will expand about l.G inches. 
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Pig. 80. Swing to Allow for 
Kxpansiou of Risers. 



Provision for Expansion. The expansion of mains can generally 
be provided for by offsets and swivels, as shown in Fig. 29. All that 
is necessary is to have the two vertical nipples placed far enough 
apart, as detennined by the length of the hcrizontal offset, to permit 

the expansion to take place without 
too much turning on the threads. The 
less the turn, the less will be the like- 
lihood of leakage. The shorter the 
offsets, the greater the number that 
must be used. 

A pretty conservative rule would 
be to allow 4 feet of offset to each 
inch of expansion to be taken up on 
the line. In the case of underground work a good deal of the ex- 
pansion can be taken up where pipes enter buildings by the same 
kind of swings as shown in Fig. 29, making them longer and thus re- 
ducing the number of expansion joints or offsets in the tunnel or duct. 
Expansion of Risers. In providing for the expansion of risers, 
considerable skill must be used, especially in tall buildings. In 
buildings of not over 6 to 8 stories, or possibly 10 floors at the outside, 
if they are not high-studded, the expansion may all be taken up in the 
basement, using swings like those shown in Fig. 30, similar swings 
being used in the attic also if the overhead-feed system is used, the 
connections being taken from the bot- 
tom of the main, as previously stated. 
In higher buildings than those 
mentioned, either slip-pattern expan- 
sion joints or swivels made up of pipe 
and fittings are commonly used. One 
of these to every six to eight floors is 
generally considered sufficient, depend- 
ing on the length and arrangement of 
the radiator connections. One must 
be sure the pipes above and below slip 
joints are in proper alignment; otherwise, binding and leakage will 
occur. If the risers are concealed, such joints must be made accessi- 
ble through proper openings in the walls, as the packing will have to 
be taken up from time to time and replaced. 



Anchor fiere^ 




Fig. 31. Expansion Joints. 
Nearly HorizontaL 



Offsets 
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Expansion joints made up of pipes are illustrated in Fig. 31. 
Such joints are unsightly if exposed; but they may generally be con- 
cealed either in specially provid- 
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ed pockets in the floor or in 
spaces furred down below the 
ceilings and near the walls. 

WTien expansion joints are 
used, the risers should be an- 
chored about midway between 
them. These anchors consist 
merely of clamps around the 
pipes fastened to the beams, one 
type being shown in Fig. 32. 

Radiator Connections. Con- 
siderable ingenuity is exhibited 
by good fitters in arranging ra- 
diator connections. One should 
always study the end ^sought, and 
then provide the necessary means 
to secure that end. For example, 
on a floor at which the riser is 
anchored, almost any sort of ra- 
diator connection will answer, 
since expansion need not be pro- ^ 
vided for. 

Where expansion takes place, 
swivels must be provided in the 
radiator connections, to allow for same. Fig. 33 shows a convenient 
way of taking off radiator connections from risers, any expansion 



€ 




Plan 
Fiff. 32. Anchor for Riser. 




Fig. 33. Radiator Connections from Riser. 



being taken up by the turning of the horizontal connection in the 
parallel nipples. The connection should of course pitch back toward 
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Riser 



Fig. 84. Arrangement of Swivels when Risers are 
Located on the Same Wall as Radiator. 



the riser, to drwn freely. Where the expansion is considerable, this 
is difficult to accomplish unless the radiator is sUghtly raised. 

When risers must be located along the same wall as that on which 

the radiator is placed, the 
swivels may be arranged 
as shown in Fig. 34. 

Radiators on the 
first floor have their con- 
nections made by angle 
valves with the pipes in 
the basement, to avoid running along the base-board. It is well to 
take the branch to the first-floor radiators from riser connections in 
the basement, rather than to cut into the mains for these branches. 
See Fig. 35. 

COMPUTING RADIATION 

Computing Direct Radiation. It is a perfectly simple matter to 
compute the amount of radiation required to h^at a room, by finding 
the probable loss of heat per hour, and dividing this by the heat given 
off by a square foot of 



radiating surface in the 
same time. 

Numerous tests have 
shown that an ordinary 
cast-iron radiator gives 
off approximately 1.6 
heat units per hour per 
degree difference in tem- 
perature between the 
steam and the surrounding air. With low-pressure heating a square 
foot of direct radiation is commonly rated at about 250 H. U. Glass 
transmits about 85 heat units per square foot per hour, with 70° inside 
and 0® out; and walls of ordinary thickness may be reckoned as trans- 
mitting one-fourth as much heat. 

The heat losses stated should be increased about 25 per cent for a 
north or west exposure, and about 15 per cent for an easterly exposure. 

An allowance should be made for reheating rooms that are al- 
lowed to cool down sUghtly at night. This may be done most con- 
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Fig. 35. 






Suppfu main in basement 

Branch from Riser Connection In Basement. 
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veniently by adding to the loss of heat through walls and glass a num- 
ber of heat units equal to 0.3 of the cubic contents of a room with two 
exposures, and 0.6 the contents of a room with a single exposed wall. 

The way this works out may best be shown by a couple of ex- 
amples: 

Suppose we have a room 16 feet square and 10 feet high, with 
two exposed walls facing respectively north and west, each having a 
window three feet 6 inches by 6 feet. 

Exposure of room « (16 + 16) X 10 « 320 sq. ft. 
Glass surface - 2 X 21 sq. ft. « 42 " " 

NetwaU ' 278 sq. ft. 

Equivalent glass surface (E. G. S.) of net wall = 278 4- 4 = 

Approximately 70 sq. ft. 
Actual glass surface « 42 " " 

Total E. G. S.. Approximately 112 sq. ft. 

Heat transmitted « 112 sq. ft. X 85 heat units X 1.25 factor - 11,890 H. U. 
Allowance for reheating = 0.3 X cubic contents of 2,660 cu. ft. « 768 " " 

Total heat loss to be made good by direct radiation 12,658 H. U. 

This 12,658 heat units, divided by 250, the amtount given ofif by one square 
foot of radiation in one hour, = 50 sq. ft. approximately, giving a ratio of 1 sq. 
ft. of radiating surface to 53 cubic feet of space. 

Take as a second example a room with one exposure toward the 
e:\st, the dimensions of the room being 14 by 14 by 10 feet, with one 
window 4 by feet. Proceeding as before, 



Exposure =■ 


196 sq. ft, 


Glass = 


24 " " 


Net wall 


172 sq. ft. 


E. G. S. of net wall « J of same « 


43 " " 


Add actual glass » 


24 " " 


Total E. G. S. 


67 sq. ft. 


Heat loss per hour = 67 X 85 X 1.15 « 


6,549 H. U. 



Add 0.6 the contents to allow for reheating ; 0.6 X 1 ,960 = 1 ,176 " ** 
Total heat loss 7,725 H. U. 

This 7,725 heat units -j- 250 =31 sq. ft. radiation required, giving a ratio 
of 1 to 63 cubic ft. 

The loss of heat through roofs and through ceilings to unheated 
attic spaces above may be allowed for conveniently, and with suffi- 
ciently close approximation to the actual heat loss, by dividing the area 
of the roof by 10, and that of the ceiling by 20, to give the E. G. S. 

In the case of a well-constructed plank roof, with paper or other 
material above that will prevent the leakage of air, the roof area may 
safely be divided by 15 to ascertain the E. G. S, 
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It is hardly lUMcssjirv, as a rule, to allow for the loss of heat 
thnni^li a liiNt fi<M)r to the haM'ineiit when the latter is well enclosed 
and <t)ntains sttNUU and return mains or is otherwise kept at a 
inixlerate tcMiperature. 

Computinjr Direct-Indirect Radiation. The most wramon meth- 
od of (tunputin^ the amount of dirert-indirect nuliation required, 
is to aM'rrtain, in tlie nuumer described, tlie direct racliating surface 
nerc,>>arv, and add to it approximately 2.") per cent; that is, if a direct 
radiator of 1(K) scpiare feet were found to he necessary to heat a given 
room, a dircct-fndirect radiator of 125 s(juare feet would i)e recjuired. 

Computing Indirect Radiation. To compute the amount of in- 
direct radiation necessary to heat a <^iven room, al)out the simplest 
mcthinl to <^rasp is to compute, first, the direct radiation re(}uired, as 
j)rcvi()usly cxplaint^l, and then add 50 per cent to this amount, since it 
happens that, under averat^e conditions of 70° inside and 0° outside, 
]>ra(tically 1 \ times as much surface is recjuired to heat a given space 
with "indirect as with direct heating. 

When a stated air supply is rc<iuire(l, the loss of heat by ventilation 
nuist b(* computed, and - difrerent method followed in avscertaining 
the amount of indirect radiation rtnjuired. For example, take a 50- 
pupil schoolroom with the common compulsory allowance of 30 cubic 
feet of air per minute per pupil — ecjual to 15(K) cubic feet per minute 
per room. Each cubic foot escaping up the vent flue at 70° F., when the 
outside temperature is zero, removes from the r(K)m 1 } heat units; hence 
the total heat loss by ventilation per hour would be (U) X 1500 X 1} 
= 112,500 heat units. A standard schoolroom luus about 720 square 
feet of exposure, of whicli not far from 180 square feet is glass, 
leaving a net wall of 540 scpiare feet, which, divided by 4, gives 
135 scpiare feet ccpiivalcnt glass surface. This, added to the actual 
glass, gives 315 s<jnare feet E. (J. S., which, in turn, multiplied by 
85 heat units X a factor of 1.25 for north or west, gives a total heat 
loss by transmission of 33,470 licat units approximately. 

The conibincul loss of heat by transmission and ventilation 
amounts ^o 145,070 II. U. 

Witli tlie greater air-flow through indirect heaters used in schools, 
the heat emitted per 5t|uare foot per hour should exceed somewhat 
the amount given off by indirect radiators in residence work — namely, 
400 II. U. To be on 'the safe side, allow 450 H. U. The total heat 
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loss from the room, divided by this number, gives approximately 300 
square feet as the surface recjuirecl. 

DUCTS, FLUES, AND REGISTERS 

Areas of Ducts and Flues, The area of the cold-air connec- 
tions with the benches or stacks of indirect radiators, are generally 
based on 1 to 1 J square inches of area to each square foot of surface 
in the radiators. 

The flues to the first floor should have H to 2 square inches area 
to each square foot of surface; those to the second floor, 1 \ to 1 \ square 
inches; and those to floors above the second, 1 to 1} square inches per 
square foot of radiation. 

The sides and back of warm-air flues in exposed walls should be 
protected from loss of heat by means of a nonconducting covering, 
preferably ^ inch thick. 

Flue Velocities. A fair allowance for flue velocities with indirect 
steam heating is 275 feet {)er minute for the first floor, 375 feet for the 
second, 425 feet for the third, and 475 for the fourth. 

Registers. The net area of registers should be 10 to 25 per cent 
in excess of the area of the flue with which they are connected. The 
net area of a register is commonly taken as ^ the gross area; that is, 
a 12 by 15-inch register would have a net area of 120 square inches. 

Registers in shallow flues must either be of the convex pattern, 
or be set out on a moulding to avoid having the body project into the 
flue and cut off a portion of its area. 

Aspirating Heaters and Coils. To cause a more rapid flow of air 
in ventilating flues in mild weather, steam coils or heaters are used. 
These shoukl be placed as far below the top of the vent flue as possible, 
for the higher the column of heated air, the greater the chimney eft'ect. 
The smaller the flue in proportion to the volume of air to be handled, 
the larger should be the heater. If cast-iron indirect radiators are 
used, they may be rated to give off about 350 heat units per scpiare focit 
per hour; coils may be rated to give off nearly (U)ul)le tliat number of 
heat units. 

To illustrate how to compute the size of coil to be used, assunie 
for example that 1,500 cubic fott pci minute are to be removed 
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through a ventilating flue, the air to be raised 10° in temperature. 
Then 

1,500 cu. ft. per min. X 60 min. per hour X 10° rise in temp; ^ 95 4- s 
55 heat units X 650 heat units per hour per sq. ft. of coil °° * ^* 
ft. of coil required. 

(The number 55 is the number of cubic feet of air at 70** that 1 heat 
imit will raise 1° F.) 

In order to work out important problems of this nature, it is 
necessary to consult a table giving flue velocities for different heights 

and for excesses of temperature of air 
in the flue over that out of doors. 
From such a table, knowing the height 
of the flue, its size, and the volume of 
air to be moved, it is readily seen how 
many degrees the air must be heated. 
The size of coil is then determined as 
above. The arrangement of an aspi- 
rating heater in a flue is shown in 
Fig. 36. 

EXHAUST-STEAM HEATING * 

Buildings having their own power 
and lighting plant should be heated 
by exhaust steam, about 90 per cent of 
the steam that passes through the en- 
gines and pumps being available for this purpose. 

A portion of this steam is used for heating the feed-water to the 
boilers. In a properly arranged system, very little fresh water need 
be supplied, since the condensation from the radiators, properly pu- 
rified, is returned to the boilers. 

To accomplish this purification, and to rid the steam of oil in 
order to prevent its coating the pipes and radiators, the steam is passed 
through a separator attached to the heater when all the steam is al- 
lowed to enter it, or through an independent separator when only a 
portion of the steam passes through the feed-water heater. Only 
about one-sixth of the exhaust steam in a given plant is required to 
heat the feed-waler that must be supplied to the boilers to take the 
place of the steam used in the engines, therefore all the exhaust need 




Pig. 30. Aspirating Regulator 
in Flue. 
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not enter the heater for the purpose of keeping up the proper tempera- 
ture of the feed-water. 

A type of heater with a coke fitter is shown in Fig. 37; while Figs. 
38 and 39 show two methods of making connections, the first when all 




Fig. 87. Heater with Coke Fitter. 



the steam is allowed to pass through the heater, the latter when only a 
portion of the exhaust from the engines is allowed to enter. 

A very essential appliance used with exhaust-steam heating is the 
pressure-reducing valve, which makes good with live steam any de- 
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ficiency in exhaust that may occur. By adjusting the weight, any 
desired pressure, within limits, may be obtained. 




pig. 88. Method of Making Connections when All the Steam Is Allowed 
to Pass Through the Heater. 

A back-pressure valve must be used with exhaust-steam heating, 
to regulate the pressure to be carried. It also acts as a safety-valve 
In case of over-pressure from any cause. 




Fig. 39. Method of Making Connections when Only a Portion of Exhaust from 
Engine is Allowed to Enter. 

Heating systems are sometimes arranged by bringing to them live 
steam to be reduced in the building to any desired pressure by a reduc- 
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ing valve. In such cases there is no back-pressure valve; therefore a 
safety-valve should be placed on the main to act in case of trouble with 
the reducing valve and prevent too great a pressure on the radiators. 
A by-pass should be used in connection with all pressure-reducing 
valves, to provide for overhauling them. A steam gauge connected 
not less than 6 feet from the 



Exhaust 



valve on the low pressure side is 
a necessary attachment. 

With exhaust-steam heating, 
an exhaust head should be placed 
at the top of the vertical exhaust 
main, to condense, as far as pos- 
sible, the steam passing through it. 

The drip pipe from the ex- 
haust should be connected with 
the drip tank; or, if the exhaust 
has been passed through a first- 
class separator, it may, if desired, 
be returned to the feed-water . 
heater. 

When a closed type feed- 
water heater is used (see Fig. 40), 
a separate tank must be provided 
for the returns from the heating 
systems. High-pressure drips 
are trapped to this tank. In the 
case of the heater shown in Fig. 
37, the live-steam returns are 
trapped to it. A common type 
of trap is shown in section in 
Fig. 41. In the position shown, 
the float or bucket hinged as 
shown, is held up by the buoyancy of the water, and keeps the valve 
at the upper end of the spindle in contact with the seat, preventing 
the escape of steam entering with the water through the inlet. The 
water, rising around the bucket, overflows it and overcomes its buoy- 
ancy, causing it to fall and open the valve, the steam pressure on the 
water then forcing it out of the bucket until a point is reached where 




Drip 



Fig. 40. Closed Tyj^e Feed Water Heater. 
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the buoyancy of the bucket again comes into play and closes the valve 
until the action is again repeated. 

An extremely simple form of float trap is shown in Fig. 42, the 

/met 




Outlet 

Fig. 41. Common Type of Trap. Fig. 42. Float Trap. 

hollow float raising the spindle and valve, permitting water to escape, 
but falling and thus closing the outlet when the water level reaches a 
point too low to cause the ball to float, thus preventing the escape of 
steam. 

Special fonns of traps known jus return traps are useil in smnll 

n 




Fig. 43. Dimensioned Sketches for Cutting Pipe. 

plants for returning to the boiler the condensation from the heating 

system. 

MODIFIED SYSTEMS OF STEAM HEATING 

It is beyond the scope of this course to go into the details of the 
various modified or patented systems of steam circulation, yet it seems 
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advisable to point out the essential features of certain of these systems. 
The Webster and Paul Systems will be found described in Part III of 
the Instruction Paper on Heating and Ventilation. 

Thermograde System. W^ith this two-pipe system air valves 



are omitted; the 
is of a special con- 
admit quantities of 
tions — to fill the ra- 
steam. On the re- 
placed a so-called 
the escape of air 





u&s^^^jy 





supply valve on each radiator 
struction designed to be set to 
steam under different condi- 
diator J, i, J, or entirely full of 
turn end of each radiator is 
avio^alve, designed to permit 
and water into a return pipe 
open to the atmosphere at 
the top. In the case of large 
buildings the water flows by 
gravity to a tank, from which 
it is pumped to the boilers. 




Fig. 44. Hanger. 



Fig. 4ft. Adjustable 
Hanger for Large Pipe. 



Fig. 4A. Sleeve for Encasing Pipe. 



Some of the advantages claimed for this system are : — ^Absence of 
air-valves and air-lines; control of the heat emitted, by means of the 
special controlling valve at the supply end of each radiator. The pip- 
ing is the same as for ordinary gravity systems. 

Vapor System. This system is designed, as its name implies 
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to work on a very low pressure. The radiators, preferably of the hot- 
water type, must have considerably more surface than with low-pres- 
sure steam heating. A special valve is placed at the supply end of each 
radiator, designed to admit any desired volume of steam. 

A little trap or water-seal fitting is 
connected with the return end of each 
radiator, a small hole being provided 
above the water line to permit the escape 
of air. All returns are joined in the 
basement and discharge to an open water 
column alongside the boiler, any steam in 
the returns being condensetl by passing 
into a coil provided for the purpose. 

No safety valve is 

required with this sys- 

In case of an ex- 





Fig. 48. 



Fig. 47. Globe Valve. 

cess of pressure in the 
boiler, the water is back- 
ed out into the column 
above mentioned; a float 
is raised; and dampers 
are closed. 

The advantages claime<l are: — Com- 
plete contn)l of the heat given off by the 
radiators by means of the special regulat- 
ing valve on each; absolute safety; small 
pipes; absence of air-valves. 

Mercury Seal Vacuum Systems. In 
one of these systems, commonly used 
with gravity-return apparatus, air-valves similar to those shown in 
Fig. 55 are placed on the radiators, and the air-lines connected 
with a main line discharging through a mercurj' seal or column, the 
function of which is to seal the end of the pipe and prevent the en- 
trance of air after the air from the system has been expelled by 



Fig. 49. Iron Body Globe Valve. 
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raising the steam pressure. In another mercury seal system, air- 
valves are omitted and "retarders" — so called — are placed at the 
return ends of radiators. 

With a tight job of piping when the air in the system has once 
been got rid of, the plant may be run 
for some time — or until air leaks in 
again — at a pressure less than the at- 
mosphere and with radiators at tem- 
peratures corresponding to those of 
hot-water radiators. 

Among the claims made for this 
system are: — Wide range of tempera- 
ture in the radiators, secured by varj^- 





Spud 



Fig. 50. Radiator Angle Valve. 




Fig. 52. Radiator Offset Valve. Fig. 51. Radiator Straightway Va^ve 

ing the degree of vacuum; the advantage of a hot-water heating sys- 
tem without large radiators, since steam under pressure can be car- 
ried in the radiators in cold weather. 

PIPE AND FITTINGS 

Pipe. Pipe for heating systems should be made of wrought iron 
or mild steel. Sizes up to 1 J inches diameter inclusive, are butt- 
welded and proved to 300 pounds' pressure; above that size they 
are lap-welded and tested to 500 pounds' pressure. 
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Pipe is shipped in lengths of 16 to 20 feet, threaded on both 
ends and fitted with a coupling at one end. 

It is well, as a rule, to have pipes 2^ inches in diameter and larger 
cut in the shop from sketches. These should give the distances from 
end to center, or center to center, and should state the size and kind 
of valves, whether flanged or screwed fittings are to be used, and in a 
general way should follow Fig. 43. 

The dimensions of standard pipe are given in Table VIII. 

NOTES ON WROUGHT-IRON PIPE 

(Furnished by the Crane Company, Chicago, 111.) 

Wrought-Iron Pipe: — ^This term is now used indiscriminately to desig- 
nate all butt- or lap-welded pipe, whether made of iron or steel. 

Merchant Pipe: — ^This term is used to indicate the regular wrought pipe 
of the market, and such orders are usually filled by the shipment of soft steel 
pipe. The weight of merchant pipe will usually be found to be about five per 
cent leas than card weight, in sizes J-inch to 6-inch, inclusive; and about ten 
per cent less than card weight, in sizes 7-inch to 12-inch, inclusive. 

Full- Weight Pipe: — ^This term is used where pipe is required of about 
card weight. All such pipe is made from plates which are expected to produce 
pipe of card weight; and most of such pip3 will run full card to a little above 
card, but, owing to exigencies of manufacture, some lengths may be below 
card, but never more than five per cent. 

Large O. D. Pipe: — A term used to designate all pipe larger than 12- 
inch. Pipe 12-inch and smaller is known by the nominal internal diameter, 
but all larger sizes by their external (outside) diameter, so that "14-inch pipe," 
if f inch thick, is 13t-inch inside, and "20-inch pipe" of same thickness ia 
19i-inch inside. 

The terms ''Merchant,' ' or "Standard pipe," are not applicable to "Large 
0. D. pipe," as these are made in various weights, and should properly be 
ordered by the thickness of the metal. 

When ordering large pipe threaded, it must be remembered that J-inch 
metal is too light to thread, ^^^-inch being minimum thickness. 

Orders for large outside diameter pipe, wherein the thickness of metal is 
not specified, are filled as follows: 

Fourteen, fifteen, and sixteen inch, O. D., I'^-i^ch or f -inch metal. 

Larger sizes, j-inch metal. 

This pipe is shipped with plain ends, unless definitely ordered "threaded." 

Extra Strong Pipe: — This term designates a heavy pipe, from i-inch 
to 8-inch only, made of either puddled wrought iron or soft steel. Unless 
directed to the contrary, steel pipe is usually shipped. If wrought-iron pipe 
is required, use the term, "Strictly Wrought-Iron Extra Strong Pipe." Extra 
strong pipe is always shipped with plain ends and without couplings, unless in- 
structions are received to thread and couple, for which there is an extra charge. 

This term, when applied to pipe larger than S-inch, is somewhat indefi- 
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nite, as 9-, 10-, and 12-inch is made both -^g and t inch thick. Pipes J inch 
thick are carried in stock, and furnished on open order. 

Double Extra Strong Pipe: — ^This pipe is approximately twice as 
heavy as extra strong, and is made from i to 8 inches, in both iron and steel. 
It is difficult, however, to find any quantity in "Strictly Wrought-Iron," and 
the stock carried is usually soft steel. Tliis pipe is shipped with plain ends, 
without couplings, unless ordered to thread and couple, for which there is an 
extra charge. 

Fittings. For low-pressure heating systems, standard weight 
cast-iron screwed fittings are used on pipes up to 7 inches or 8 inches 
diameter. On larger pipes it is customary to use standard flanged fit- 
tings. Flange unions should be placed at inter- 
vals in the pipes when screwed fittings are used, 
to provide for readily disconnecting them in case 
of alterations or repairs. 

Pipe grease or various 
compounds are used in "mak- 
ing up" the joints. This ma- 
terial should be applied to the 
male threads only. When 
the threads of the fittings are 
coated with it, as is commonly Fig. 54. swing check 

Valve. 

done, the compound is pushed 
into the fitting when the pipe is screwed in, and, becoming disen- 
gaged, is likely to cause trouble later by clogging pipes, etc. For 
flange fittings it Is the practice with many fit- 
ters to use inside gaskets, 
so called, cut to come just 
inside the bolts. 

To describe a tee, al- 
ways give the dimensions 
of the *'run" first and the 
outlet last; for example, a 
tee 6 inches at one end, 5 
inches at the other, with an 
outlet at the side 3Jr inches, 
would be known as a 6 by 
5 by 3i tee. 
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Fig. 53. Radiator 
Valve. 




Float 



Fig. 56. Air Valve. 




Fig. 56. Air Valve. 



A tee with the outlet larger than the openings on the run, is known 
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as a hvUhead tee. Tees with all three openings of the same size are 
knov/n as straight tees. 

It is far better to use reducing sockets or reducing elbows and 
tees, in place of straight tees with bushings. 

Hangers. Pipes up to 4 inches diameter inclusive are commonly 
suspended by malleable-iron hang- 
ers, one type of which is shown in 
Fig. 44, with a gimlet point on the 
rod, a beam clamp being substituted 





FlR. 58. Flat Jaw Vise. 

when I-beams are use<l in place 
of floor timbers. One form of 
adjustable hanger for large pipes 
is shown in Fig. 45. 

Sleeves, etc. Where pipes 
pass through floors and parti- 



ng. 57. Pipe vise, 
tions, they are encased in tubes 
with plates at floor and ceiling or 
at walls, as the case may be. 
One type of these sleeves is 
shown in Fig. 46 




Fig. 59. Combination Vise. 



Where branches from risers pass through partitions, it is often 
necessary to use sleeves of elliptical shape to provide for the expansion 
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of the risers. . Sleeves for mains passing through basement walls are 
generally made of pieces of wrought-iron pipe of the proper length, 
the diameter of the sleeves to be not less than ^ inch greater than the 

pipe diameter if covering is 

omitted in walls, and 2J inches 

- 3=r '^ / greater if covering is continuous 

-J — ' ' along the pipe. 





Pig. 60. Pipe cutter. ^^hen sleeves are placed in 

plastered walls, they should project a slight distance beyond the face 
of the plaster. When ceiling plates are made fast to risers, they 
should be placed at least | inch down from the ceilings, so that, 
when the riser expands, the ceil- 
ing plate will not be forced into 
the plaster. 

Valves. Valves for base- 
ment piping are commonly glebe ^*' **" ^*^ cutter. 
or gate pattern, with rough bodies and plain iron wheels (Figs. 47 
and 48). Brass or composition body valves, with screwed tops, are 
generally used up to 2-inch size inclusive; and iron body valves, with 

bolted tops, above that size (see 
Figs. 48 and 49). Both are made 
with renewable discs or seats. 

It is largely a matter of pref- 
erence which type of valve shall 
be used, though of course the 
straightway gate valves interpose 




the least resistance to the flow of 
steam or water. 

When the radiators are but 
little above the water line in the 
boiler, gate valves are frequently 
used on the returns to insure an 
easy flow of the water. 

Pig. 82. Solid Die. Tx i. Ji 

It seems hardly necessary to 

point out that a globe valve should be connected in the pipe with its 

stem horizontal, to avoid the water pocket which occurs when the 

stem is vertical; nevertheless fitters frequently overlook this point. 

Several patterns of radiator valves are shown in Figs, 50, 51, 
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52, and 53. These valves are of brass or composition, rough body 
nickel-plated, have wood wheels, and are provided with a union. The 
angle valves are commonly used on first-floor radiators, those on floors 




Fig. fiS. Stock for Solid Dies. 

above havii^g offset or comer offset, oflfset globe, or straightway gate 
valves, according to the type of radiator and the arrangement of con- 
nections to provide for expansion. 

In public buildings, the wheels are often omitted and lock-shields 
substituted, the valves being operated by a key. 

A swinging-check valve is shown in Fig. 54. This type, if prop- 




3 



Fig. 64. Adjustable Die and Stock. 

erly designed, works the easiest of any, and should be used in prefer- 
ence to other types when radiators are placed but little above the 
water Une in the boiler. 

Air- Valves. Numerous patterns of air-valves are on the market, 
some, like Fig. 55, in a general way, being fitted with a union for air- 
line connections leading to a convenient point of discharge in the base- 
ment Such valves prevent the escape of steam, because of the ex- 
pansion of the composition pVjg, which closes the opening when steam 
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comes in contact with it. Air and cold water, however, are permitted 
to escape. 

The general type of air-valve shown in Fig» 56 is frequently used, 
many modifications of this valve having been manufactured. These 




Fig. 65. Adjustable Die and Stock. 

valvas, as a rule, have no air-line connections, but discharge their air 
into the rooms; a somewhat objectionable feature. They close when 
steam enters them; and if water finds its way in, the float is raised and 
closes the outlet. 

Air-valves for direct radiators have a verj' small opening for the 




Fijj. 66. Hand Power PIiw Machine. Fig. 67. Belt Power Pipe Machine. 

discharge of air, scarcely larger than a pin-hole; and while these do 
'^ery well for small units, they are not satisfactory for large coils or for 
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large groups of indirect radiators, because of the excessive time re- 
quired to relieve them from air. For such heating surfaces, a type of 
air»valve with a much larger opening should be selected, to provide 
for venting the radiators or coils more quickly. 

Several types of "vacuum air-valves have been invented, designed 
to permit the escape of air from the radiators, but to prevent its re- 
entry. If they remain tight, the steam heating system may be run in 
mild weather with a pres- 
sure below that of the at- 
mosphere, and the radiator 
kept at a temperature be- 
low 200°. 

Pipe-Fitting Tools. — 
Vise and Bench. When a 
job is started, the first 
things needed are vise and 
bench. The latter should 
be firmly constructed, and 
rigidly held in place, the 
vise to be firmly secured to 
it by through bolts. 

On a good-sized piece 
of work, it is well to have 
both a pipe vise and a flat- 
jaw vise, these being ill us- i 
trated in Figs. 57 and 58. 

A heavy cover should be Flg.HSa. Hand Power pipe Machine. 

furnished over the screw of the Hut-jaw vise, to provide a bearing 
for bending pipe, the end of which is passed through a ring bolte<l 
to the bench. 

Fig. 59 illustrates a combination of the two vises shown in Figs. 
57 and 58, making a very useful tool. 

Pipe Cutters. There are several kinds of pipe cutters on the 
market, made with one or more cutting wheels held in a frame. All 
makes of cutters are operated in practically the same way, by forcing 
the cutting wheels into the i)ipe by means of a screw handle. One- and 
three-wheel cutters are shown in Figs. 00 and 61. The one-wheel 
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cutters are made in sizes for J-inch to 3-inch pipe; and the ♦hree- 
wheel cutters, for ^inch to 8-inch pipe. 

Stocks and Dies. The several forms of dies and stocks on the 

market may be divided into 
two classes — the solid die and 
the adjustable die. The solid 
die is shown in Fig. 62, and is 
used for cutting both right- 
hand and left-hand threads. 
The stock in which solid dies 
are used is shown in Fig. 63. 
Adjustable dies and stocks are 
shown in Figs. 64 and 65. 
These dies may be adjusted to 
cut a deep or a shallow thread. 
It is necessary at times to cut 
such threads, as the fittings 
made by different manufac- 
turers are not always tapped 
alike. To make good joints, 
the threads must make up 
tight when they are screwed 
into the fitting. 

Table IX shows the ap- 
proximate distance pipes must be screwed into fittings to make a 
tight joint. 

TABLE IX 

Proper Distance to Screw Pipes into Fittins:8 

J, I, and i inch pipe should be screwed into fittings approximately | in. 
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Fig. 68 ft. Hand Power Pipe Machine. 
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In all forms of stocks, whether for solid or adjustable dies, a 
bushing or guide must be used in the stocks to guide the dies straight 
onto the pipe. It is necessary ^.^^^ 

that the guides for the different Cf';^^ ^ 

sizes of pipe should fit each size 

of pipe as closely as will allow ^«"- ^^'^^^^ 

the guide to revolve on -the pipe freely. The guides should fit the 
stock as tightly as possible, or a crooked thread will very likely be cut. 

Plenty of good lard oil or cotton- 
seed oil should be used when cut- 
ting pipe. The dies must be 
sharp, to make good joints; and 
when they are changed in the 
stocks from one size to another, 
all chips of iron and dirt should be cleaned off the dies and out of the 
stocks, as a small chip under dies, especially under one of a set of ad- 
justable dies, will either 

cut a crooked thread or ^ 

strip it. 

Stocks are made in ^«-'*- chain Tongs, 

sizes from J inch to 4 inches. The small-size stocks and dies com- 
monly carried in pipe-fitters' kits are made to thread pipe from ^ inch 
to 1 inch inclusive, right-and left-hand; and a larger size to thread 
pipe from 1 inch to 2 inches inclusive, right- and left-hand. A larger- 
size stock is used to cut pipes over 2 inches in diameter. 

There are a number of hand-power pipe machines on the market, 




Fig. 70. Adjustable Pipe Tongs. 





Fig. 72. Chain Tongs. 

which are very convenient especially for cutting and threading pipe 
2i inches and over. Several makes are shown in Figs. 66, and 
68 a and 68 b. 

Pipe Tongs. Plain tongs, like all other tools, must be kept sharp 
and in good order, to do g(X)d work. Many fitters object to tongs 
because they have to be sharpened very often, and also because they 
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have to cany at least one pair of tongs for each size of pipe; they prefer 
an adjustable wrench which will fit several different sizes of pipe. 

There is one advantage 
"nh^^ in the tongs; that is, they 
can be worked in places 
where it would be im- 
possible to use a wrench. 





D 



Fig. 74. Pip© Wrench. 




Fig. 78. Pipe Wrench, 

such as making up pipe in coils, close corners, etc. Tongs should be 
made in such a way that when they are on the pipe, the handles will 
come close enough together to al- 
low them to be gripped in one 
hand (see Fig. 69). 

Adjustable tongs (Fig. 70) 
are made to fit several sizes of 
pipe, the most common sizes used being for J-inch to 1-inch to 2-inch, 
and for 2i-inch to 4-inch. 

Chain tongs are 
made in all sizes and in 
several forms for from 1- 
inch up to 16-inch pipe. 

PIg.75. Wrench for Brass or NicklePUted Pipe. g^j^^ makers fumish 

tongs with the handle and jaws in one piece. Others have the jaws 
removable. Still others have the jaws so arranged that they can be 
removed and reversed. 
See Figs. 71 and 72. 

Pipe Wrenches. Sev- 
eral types of adjustable 
wrenches are shown in 

Fii^S. 73 and 74. These *''**^' "^^ Wrench for Brass or Nlckle-Plated Pli>e. 

wrenches will do good work if used as wrenches on the size pipe they 
are intended for. Some men who have little regard for tools use on a 

2-inch pipe, for example, a 

wrench which is made to take, 

say, not over 1-inch pipe, the jaw 

of the wrench being extended as 

Fig. 77. Monkey wrench. f^r as jwssiblc, and probably l)e- 

ing held by only a few threads of the adjusting screw, a piece of pipe 

2 or 3 feet long often being used on the handle of the wrench to 
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increase the leverage. After such usage, the wrench is of little value. 

At times men will use wrenches in such a way as to make the strain 

come on the side, with the result that the 

wrench is badly strained if not broken. 
The above described wrenches are 

used on wrought-iron pipe. For brass 

or nickel-plated pipe, wrenches Uke those ^^' ^- op««^-««* wrencn, 

shown in Figs. 75 and 76 should be used; otherwise the pipe will be 

marred and rendered unfit for use in connection with first-class work. 
One of the handiest all-round tools is the monkey v)rench, shown 
in Fig. 77. Open-end wrenches," illus- 
trated in Figs. 78 and 79, are very handy 
toob, especially for use on flange fittings. 
Wrenches for lock-nuts are made about 
the same as above, only they are larger. 
The return-bend wrench is a very 

Fig. TO. Open-End Wrench, , t . , i i i t 

handy tool, and can be made by any 
good blacksmith. It is used principally on coil work, and is made 
of heavy bar iron, as shown in Figs. 80 and 81, in which two forms 
of this type of this wrench are shown. 

Another handy tool is what is sometime called, for want of a 
better name, a spud wrench. This is simply a piece of flat iron about 




Fig. ao. Return-Bend Wrench. Fig. 81. Return-Bend Wreuuh. 

10 inches long and made to fit the spuds of the unions of different 
sizes of union radiator valves and elbows (see Fig. 82). 

Pliers. For small work, pliers may be used to advantage. Com- 
mon and adjustable types are shown in Figs. 83 and 84. 
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Fig- 83. Spud Wrench. 

Drills, Reamers, and Taps. Pipe drills, illustrated in Fig, 85, 
are made slightly smaller for a given size than the taps illustrated in 
Fig. 86. A reamer like the one shown in Fig. 87 should be used to 



«^« Digitized by Google 



62 



STEAM AND HOT WATER FITTING 



start the tap, which should never \ye hammered in order to start the 
threads. 

Fig. 88 shows a combined drill, reamer, and tap. Fig. 89 shows 
a pipe reamer for taking the burr from the ends of pipes. 





Fig. 85. PlpeDrllL 



Flg.as. Common Pliers. Fig.M. Adjustable Pliers. 

A ratchet drill is illustrated in Fig. 90 and a breast drill in Fig. 91. 
Fig. 92 shows a handy tool for drilling pipe flanges which from any 
cause cannot be drilled in the shop. 

Figs. 93, 94, 95, and 96 show cold, 
"^ cape, diamond point, and round-^nose 
chisels respectively. 

A good pattern pean hammer is shown 
in Fig. 97 a; and a brick hammer is represented by Fig. 97 b. 

Miscellaneous. Every fitter's kit should contain inside and out- 
side calipers', a good set of bits J-inch to 1-inch; bit stock', augers IJ- 
inch to 2-inch ; saws ; pies ; plumMyob ; gimlet ; lamp ; oil can ; steel square ; 
tape measure; etc. 

HOT- WATER HEATING 

Heaters. Hot-water heaters — or "boilers," as they are some- 
times miscalled — are so nearly like the cast-iron steam boilers pre- 
viously illustrated, that it is unnecessary further to describe them here. 

Some makers use the same patterns for both steam boilers and 
hot-water heaters, while 

IF 



"^ 
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others use a higher boiler 
for steam, giving more 
space above the water line. 
Practically the same 
rules should be followed in Fig. 88. pipe Tap. 

selecting a hot-water heater as those laid down for steam boilers. 
Although a hot-water heater is a trifle more eflScient than a steam 
boiler — that is, more of the heat in the coal is transferred to the 
water, owing to the temperature of the latter l)eing 40 degrees or 
more lower than in a steam boiler — nevertheless, practically the 
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same size of hot-water heater or steam boiler is required to heat a 
given space. 

It b well to equip the heater with a regulator, of which a number 
of good ones are manufactured, 



a 




Fig. 87. Reamer. 




in order to control the drafts 
by variations in the tempera- 
ture of the waier, the regula- 
tor being set to maintain any 
desired temperature in the 
flow pipe. 

Capacity of Heaters. Hot-water heater capacities are based, as 

a rule, on an average water 
temperature of 160° in the 
radiators, when placed in 
rooms to be kept at 70° F. 
If the closed-tank sys' 
tem is used, the radiator 
temperatures may be 220° to 230° or more; hence, if any attention 
is to be given to the manufacturers' heater rating, the radiation must 
be reduced to the equivalent radiation in heat-emitting capacity of 
radiators at 160°. 

This is very easily computed, since the heat given off by a radiator 
is proportional to the difference in 
temperature between the water in the 
radiator and the air surrounding it. 
This, in the first caser, is 160° less 70°, 

3: 



Fig. 88. Combined Drill, Reamer and Tap. 



C 



V 
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Fig. 89. Pipe Reamer for Taking the 
Burr from Ends of Pipe. 




Fig. 90. Ratchet DrllL 



or 90°; and in the other case, say, 225° less 70°, or 155°; that is, one 
foot of radiating surface at 225° will give off V/ ^^ ^^^ ^^^ given 
off at 160°; therefore, a job with 900 square feet, for example, at 225° 
would be equivalent in heating power to \%^- X 900 = 1550 square 
feet at 160°, and a boiler with the higher rating would be required 
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It 18 always well to check the boiler rating as explained under 
"Steam Heating," except that in hot-water heating only 150 heat unit* 
are allowed per hour per 
square foot of radiating 
surface. 

Of the heat given off 
by the coal, it is safe to as- 
sume that 8000 heat units 
per pound are transferred 
to the water in the heater. 

Suppose there are 900 
s(|uare feet of radiation on 
the job. Add J to cover 
the loss of heat from pipes; 
total - 1200 square feet. 
Assume that in coldest 
weather 5 pounds of coal 
Fig9i. Dreastprtii. ^ bumed per hour on 

each square foot of grate; that is, 5 X 8000 = 40,000 
heat units are transferred to the water in the heater. 
The heat given off per hour by the radiators and 
pipes is 1200 X 150 = 180,000 heat units. This, di- 
vided by 40,000, the heat utilis^ed per stjuare foot of 
grate, ecjuals 4^ square feet of grate recjuired. 

Some judgment is necessary in assuming the 
rate of combustion; but this varies from aboutp3 pounds ]>ers(iuare 
fcK)t of grate per hour in small heaters, to 7 or 8 in larger ones, 
ojKjrated by a regular attendant. 




Fig. 92. Tool for 

Drilling Pipe 

Flanges. 



HOT-WATER RADIATORS AND VALVES 

^ Hot-water radiators have top and bottom nipple connections, as 
shown in Fig. 31, Part II (Heating and Ventilation). A hot-water 



3 



Fig. 93. Cold Chisel. 

radiator may be used for steam, but a steam radiator cannot be used 
for hot water. The valve may be placed at the top or the bottom— it 
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matters little which; it is, however, more convenient, though more 
unsightly, at the top. The circulation will be practically as good when 
ihe valve is located at the bottom. One valve is all that is necessary. 




3 



Fig. 94. Cape Clilsel. 



and this may best be of the quick-opening pattern, a partial turn 
being all that is necessary to open or close it (see Figs. 44 and 45, 
Part II, Heating and Ventilation). 




Fig. 95. Dlamond-Polnt Chisel. 

A union elbow is generally connected with the return end of a 
radiator (see Fig. 46, Part II, Heating and Ventilation). 

Key-paftem air-valves are more frequendy adopted in hot-water 




Fig. 96. Round-Nose Chisel. 



heating than are any types of automatic valves. They do not have to 
be operated often; hence the popularity of the simple and reliable air- 
cocks like those shown by Fig. 98. 





Fig. 97 a. Pean Hammer. Pig. 9t b. Brick Hammer. 

Direct-indirect hot-water radiators are seldom used, owing to 
the danger from freezing in case they are thoughtlessly shut off. 
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Indirect radiators should be of a deep pattern — ^say, 10 to 12 

inches, or even more for use 
with outdoor air in a severe 
climate. These radiators give 
off far less heat per square foot 
than is emitted by steam radiar 
tors; hence they should be deep- 
er, to bring the air up to proper 
temperature. 




Fig. 08. Air Cook. 



HOT-WATER PIPING 

Heater Connections. Where only one heater is used, the con- 
nections are practically the same as for steam heating, except that no 
check-valves are used. 

WTiere two boilers are to be connected and arranged to be run 
independently or together, valves must be inserted somewhat as shown 
^ Main Return ._ 




9 






Safetu Valye 



Main now Pip^ 




Fig. 99. 



Arrangement of Valves for Two Boilers wliich areto Run 
Independently or Together. 



by the plan view represented in Fig. 99. It is important that safety- 
valves be used with this arrangement, as, in case one boiler is shut 
down and then fired up without opening the stop-valves, the pressure 
due to the expanding water will burst the heater. 

Single-Main System. The single-main system, arranged some- 
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what like the circuit system in steam heating, is sometimes employed 
for hot-water heating. Fig. 100 shows the arrangement of this sys- 
tem. The supply branches are taken from the top of the main, where 
the water is hottest; and the 
returns are connected at the 
side, the cooler water pass- 
ing along the lower portion 
of the pipe back to the 
heater. On systems of con- 
siderable size, this arrange- 
ment of piping causes the 
water in the supply main to 
cool more rapidly as the dis- 
ance from the heater increases than in systems where the supply and 
return water are kept separate. 

Two-Pipe Up-Feed System. With the two-pipe up-feed system, 
the pipes should be pitched up from the boiler 1 inch in 10 feet, if 
possible. Pockets in which air can collect must be avoided, as air 
will cut off the flow as much as a solid substance in the pipe would do. 

In the basement, the branches near the boiler should be .taken 
from the side of the flow main, in order to favor the branches farther 




Fig. 100. Single Main System. 




f£l Floor /^aaiator 



Pig. 101. Two-Pipe Up-Peed System. 

away, which should be taken from the top of the main. First-floor 
radiators should be given the preference, as to ease of flow in their 
connections, over riser connections with the floors above. If possible, 
feed the last first-floor radiator on a line before branching to riser. 
Fig. 101 illustrates the above points. 
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Keep the mains near the ends of long runs ample in size, even if 
somewhat larger than stated in the table, if runs are long and crooked. 
No chances should be taken in regard to insuring the proper circulation 
of water in the system. Use no horizontal pipe smaller than IJ-inch. 

Return mains pitch in the same direction as the flow pipes, and 

RiS0 to l/pp&r/li>af 



@ i 





Flow /rtler 

Fig. 103. Distributing Fitting. 



Fig. 103. Connections for Retnm li^lns. 
are generally paired with them, the connections l)eing msule on the 
side as shown in Fig. 102, or at an angle of 45 degrees. 

The risers should be arranged to favor the radiators on the lower 
floors, since the water tends to rise and pass by the lower radiators. 

Distributing fittings, as shown in 
Fig. 103, are often used for this 
purpose, or the pipes may be ar- 
ranged as shown in Fig. 104. 
Some labor is saved by the use 
of the special fittings described. 
Overhead-Feed System. 
Where attic space is available, 
the overhead-feed system pre- 
sents certain advantages over the 
two-pipe up-feed method of pip- 
ing. In residences, single risers are used, these serving for both 
supply and return, the water entering the top of the radiator and 
flowing back into the same riser from the lower opening in 
the radiator. No air-valves are necessary, all air passing up 
the risers and out through the vent, on the expansion tank. The 
overhead mains are connected with a rising main large enough to 




Fig. 104. Arrangement of Pipe*. 
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supply all the surface; these mains may be run around the building 
near the walls, as in the one-pipe steam circuit system; or may be 
carried down the middle of the building, with long branches extending 
to the risers near the walls, it being assumed that the radiators will be 
located near the exposed parts of the building. 

The mains and branches should pitch down toward the risers, 
permitting the air to escape freely to the expansion tank (see Fig. 105). 

Special care should be used in hot-water heating, to secure an 
easy flow. The ends of the pipes should be reamed, and long-turn 



Vent Throuqh, 




Fig. 106. Sliowlng the Mains and Branches Pitched Down Towards the Risers. 



fittings used for first-class work, although, if the piping is generously 
pro[k>rtioned, standard fittings will answer. A hot-water thermome- 
ter should always be placed on the boiler or near it, in the flow-main. 

Radiator Connections. For direct radiators, the connections are 
commonly 1-inch for sizes up to 40 square feet; l}-inch, for sizes of 72 
square feet; l^-inch to 2-inch for sizes larger than 72 square feet. On 
floors above the first, the connections may be made smaller if the hor- 
izontal runs are short, the sizes to conform to table. 

Expansion-Tank Connections. About the simplest arrangement of 
expansion-tank connections is shown in Fig. 106. The expansion pipe 
lis commonly connected with a return line in the basement, there being 



283 



Digitized by 



QiOo^z 



60 



STEAM AND HOT WATER FITTING 




less likelihood of the water boiling over in case of a hot fire with this 
arrangement than when the expansion pipe is merely an extension of a 
supply riser. There must be no valve on this pipe, as its closure 
would almost certainly result in a bursting of some part of the system. 
Great pains must be taken to guard against the freezing of the 
expansion pipe. If there is any danger what- 
ever, a circulating pipe should be added, as 
shown, this pipe being connected with one 
^ ,_ of the flow-pipes or supply risers, to insure a 

§ ^ ^ continuous circulation. 

Open-Tank versus Pressure System. The 
open-tank system, although having its disad- 

I vantages, is generally to be preferred to the 

pressure or closed-tank system. With the 
open-tank system, the water cannot get much 
above 212° at the heater, without boiling in 
the expansion tank and blowing part of 
the water out of the system, causing, mean- 
while, objectionable noises in the system. On 
the other hand, the open expansion tank into 
which the water can freely expand when heated 
is the best possible safety device to prevent 
overpressure. 

With the closed-tank system, a safety- 
valve is used. If it operates properly, well 
and good; otherwise an element of danger is 
introduced, and, in case an excessive pressure 
is developed, the heater becomes far more dan- 
gerous than a steam boiler, owing to the much 
greater volume of water in the system. 
With this system, two safety-valves with non-corrosive seats 
should be used, unless some well-tested df vice of demonstrated merit 
designed especially for this purpose is adopted. 

The advantage of the closed-tank system is that smaller radiators 
may be used, since they can be heated as hot with water under pressure 
as they would be if heated with steam. 

When full street pressure is applied to a system, and no ex- 
pansion tank is used., the radiators are subjected to an unnecessary 
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Fig. KKS. Expansion 
Tank Connections. 
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strain; and in case of rupture in any part of the system, much greater 
damage results than would be the case with an open-tank system. 

System of Forced Circulation. In extensive systems the water 
is kept in circulation by pumps, which are capable of producing a 
much higher velocity in the pipes than could be secured by gravity. 
This system is used principally in connection with power plants, the 
water being heated in tubular heaters, by means of the exhaust steam 
from the enginas. Much smaller supply mains may be used in this 
system than with steam heating, because of the greater capacity of 
water for carrying heat. On the other hand steam returns are 
smaller. 

Table X gives the capacities of expansion tanks : 

TABLE X 
Radiation Capacities of Expansion Tanlcs 

PAPArrrv nv Tank DfrecT RadiatiNO SURFACE 

CAPAcrrr of i ank ,j,y which Tauk is Adapted 

200 sq. ft. 

450 " " 

700 " " 

1000 " " 

1400 " " 

1900 " " 

2400 " " 

2900 '' " 

COMPUTING RADIATION 

Computing Direct Radiation. The process of computing hot- 
water radiating surface is precisely the same as that explained for ascer- 
taining the amount of steam radiation required for a given case, with 
this important exception: the hot-water radiators give off only about 
I as much heat per square foot as is emitted by a steam radiator; 
hence calculations must be based on an allowance of 150 heat units per 
square foot of direct radiating surface per hour, instead of 250 heat 
units used in connection with steam-heating work. 

It has been stated that direct-indirect hot-water radiators are 
rarely used. In case, however, it is desired to compute the amount 
of this class of radiation for a given service, proceed as explained for 
steam heating, but allow only | as much heat emitted per square foot 
as that given off by steam radiat^'^. 

Computing Indirect Radiation. With indirect hot-water radia- 
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tion in connection with the open-tank system, the radiators must be 
deeper than for steam heating, in order properly to heat the air. 

The greater depth retards the flow of air; and since the water is at 
a much lower temperature than steam, the heating capacity of indirect 
extended-surface hot-water radiators should be taken at not far from 
300 heat units per square foot per hour, as against 400 or more heat 
units for indirect steam radiation. 

To compute the amount of radiation required, proceed as ex- 
plained for indirect steam heating; that is, compute the amount of 
direct radiation as pointed out under the preceding heading, then add 
not less than 60 per cent to this amount, to ascertain the indirect radi- 
ating surface required. 

This method, though perhaps crude, has the advantages of being 
simple and of affording a check on the work, since one soon knows 
by experience about what the ratio should be to heat a room of given 
size by direct radiation. For example, take a room with 3000 cubic 
feet, to heat which the ratio for direct radiation should be, say, 1 square 
foot to 30 cubic feet, giving a 100-square foot radiator. Adding 60 
per cent for indirect radiation, gives 160 square feet, or a ratio of 1 
square foot to a little less than 20 cubic feet of space. 

Indirect hot-water radiators with extended pins or ribs will, with 
the open-tank system, give off not far from 250 to 300 heat units per 
hour per square foot of extended surface. 

DUCTS AND FLUES 

Areas of Ducts and Flues. When indirect radiation is installed 
primarily for heating, ventilation being a secondary consideration, 
it is desirable to make the flues somewhat smaller in proportion to the 
heating surface than is done with steam heating. If the flues are made 
too large, the flow through the radiators will be too rapid, and the air 
will not get hot enough. It costs far more in fuel to heat with a large 
volume of moderately warmed air than with a smaller volume of hotter 
air. 

Duct and flue proportions for hot-water heating should be approx^ 
imately as follows: — Cold-air ducts, f to 1 sq. in. per sq. ft. of in- 
direct radiating surface; first-floor flues. 1} to IJ sq. in. per sq. ft.; 
second-floor flues, 1 to 1 J sq. in. per sq. ft. ; third-floor flues and above, 
J to 1 sq. in. per sq. ft. of surface. 
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The backs and sides of flues in exposed walls should be covered 
with non-conducting material. 

Flue Velocities. The flue velocities will be somewhat lower than 
with steam heating, because of the lower temperature of the air. 
Reasonable allowance would be 250, 350, 400, and 450 feet per minute 
for the first, second, third, and fourth floors respectively. 

Heating Water. The size of heater or steam coil necessary to 
heat water may be very readily determined on the heat-unit basis,- if 
one knows the volume of water to be heated, the number of degrees 
its temperature is to be raised, and the time during which the heating 
must be done. 

For example, what size of heater would be required to heat 300 
gallons of water in 6 hours from 60° to 160°? 

In one hour 50 gals, would be heated 100° F.; and since one gal. 
weighs 8^ lbs., 50 X 8J X 100 - 41,667 heat units would be required. 

Small heaters may be counted on to transmit to the water about 
7000 heat units per pound of coal burned. The rate of combustion 
should be assumed to be from 3 to 6 pounds per square foot of grate 
per hour, according to the amount of attendance it is convenient to 
give. 

With a 4-pound rate, 28,000 heat units would be furnished per 
square foot of grate surface per hour for heating the water. Therefore 
the heat units per hour necessary to raise the temperature of the water — 
mz., 41, 667— divided by 28,000, gives the niunber of square feet of 
grate surface required, which is equal to about 1 J corresponding to a 
diameter of 16^ inches. 

To determine the size of steam boiler and coil reciifired to heat a 
large volume of water in a tank, proceed as follows: Take, for ex- 
ample, a 24,000-gallon tank, the water in which is to be heated from 
45° to 75° in 10 hours. Now 24,000 gals. X 8^ pounds X 30° rise in 
temperature = 6,000,000 heat units, or 600,000 heat units per hour. 

Assuming 8000 heat units to be utilized per pound of coal burned 
at, say, a 7i-pound rate, one square foot of grate will supply 60,000 heat 
units per hour; hence, 10 square feet of grate surface will be required. 

There will, however, be a certain loss of heat from the tank by 
radiation, conduction, and evaporation; therefore, not less than, say, 
12 scjuare feet should be used in order to provide a reasonable margin. 

As to the size of steam coil required, a square foot of pipe surface 
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surrounded by circulating water may be assumed to transmit to the 
water not far from 100 heat units per degree difference in temperature 
between the steam and the water in contact with the pipe. 

Assume the steam temperature to be 230^ corresponding to a 
trifle more than 5 pounds gauge pressure. When the water in the tank 
is cold, the condensation of steam in the coil will be much more rapid 
than when the surrounding water becomes warmer. The average 
temperature of the water during the 10-hour period is 60°; but the 
water leaving the pipe and in contact with the upper half of its surface 
is at a considerably higher temperature than the main body of water 
in the tank; therefore, with natural circulation, it is well to make ample 
allowance for the effect of this skin of warm water surrounding the 
steam coils, and to assume that they will not give off more than J as 
much heat as that corresponding to the difference in temperature be- 
tween the steam and the water in the tank, based on 100 heat units per 
degree difference as stated above. 

In other words, allow only 06^ — or, in round numbers, 70 — heat 
units per hour per degree difference in temperature between the steam 
and the water in the tank. 

If the difference in temperature is 230°-70°- 160°, on the 
basis stated, one square foot of coil would give off 70 X 160 = 11,200 
heat units per square foot per hour; and since 600,000 heat units must 
be supplied to the water, a 53-square foot coil or sHghtly larger would 
be required, equal to about 122 ft. of 1 J-inch pipe. 
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METHODS OF WIRING 

The different methods of wiring which are now approved by the 
National Board of Fire Underwriters, may be classifiai under four 
general heads, as follows: 

1. Wires Run Concealed in Conduits. 

2. WiHES Run in Moulding. 

3. Concealed Knob and Tube Wiring. 

4. Wires Run Exposed on Insulators. 

WIRES RUN CONCEALED IN CONDUITS 

Under this general head, will be included the following: 

(a) Wires run in rigid conduits. 

(&) Wires run in flexible metal conduits. 

(c) Armored cable. 

Wires Run in Rigid Conduit. The form of rigid metal conduit now 
used almost exclusively, consists of plain iron gaspipe the interior sur- 
face of which has been prepared by removing the scale and by remov- 
ing the irregularities, and which is then coated with flexible enamel. 
The outside of the pipe is given a thin coat of enamel in some cases, 
and, in other 
cases, is galvan- 
i z e d . Fig. 1 
shows one make 





• 11 f Fig. 1. Rigid Enameled Conduit, Unlined. 

OI enameiea (Un- courtesy of American ConduU Mfg. Co., PiUaburg, Pa. 

lined) conduit. 

Another form of rigid conduit is that known as the armored con- 
duit, which consists of iron pipe with an interior lining of paper 
impregnated with asphaltum or similar compound. This latter form 
of conduit IS now rapidly going out of use, owing to the unlined pipe 
being cheaper and easier to install, and owing also to improved meduxls 
of protecting the iron pipe from corrosion, and to the introduction of 
additional braid on the conductors, which partly compensates for the 
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pipe being unlined. The introduction of improved devices — such as 
outlet insulators, for protecting the conductors from the sharp edges of 
the pipe, at outlets, cut-out cabinets, etc. — also decreases the neces- 
sity of the additional protection afforded by the interior paper lining. 

Rigid Conduits are made in gaspipe sizes, from one-half inch to 
three inches in diameter. The following table gives the various data 
relating to rigid, enameled (unlined) conduit: 

TABLE I 
Rigid, Enameled Conduit— Sizes, Dimensions, Etc. 



Stand AHD 
Pipe Size 


Thickness 


Nominal 
Weight 

PER 

100 Feet 


Number of 
Threads 
PER Inch 

OP Screw 


Actual 

Outside 

Diameter. 

Inches 


Nominal 
Inside 

Diameter. 
Inches 


i 


.109 


84 


14 


.84 


.62 


i 


.113 


112 


14 


1.05 


.82 


1 


.134 


167 


11 


1.31 


1.04 


IJ 


.140 


224 


11 


1.66 


1.38 


li 


.145 


268 


11 


1.90 


1.61 


2 


.154 


361 


11 


2.37 


2.06 


2i 


.204 


574 


8 


2.87 


2.46 


3 


.217 


754 


8 


3.50 


3.06 



Tables II, III, and IV give the various sizes of conductors that 
may be installed in these conduits. Caution must be exercised in 

TABLE 11 
Single Wire in Conduit 



Size Wire. B. & S. G. 


LoRicATED Conduit, Unlined; D. B. Wire 


No. 14-4 






i inch 


" 2 








<< 


" 1 






J • 


tt 


" 


} 


inch 


or 1 


<f 


" 00 






1 


tt 


" 000 






1 


tt 


" 0000 






1 


tt 


250,000 C. M. 






H 


tt 


300,000 C. M. 






U 


tt 


350,000 C. M. 






H 


tt 


400,000 C. M. 


H 


ft 


or li 


tt 


450.000 C. M. 






li 


it 


500,000 C. M. 






H 


it 


600,000 C. M* 


U 


ti 


or 2 


tt 


700,000 C. M. 






2 


*t 


800,000 C. M. 






2 


tt 


900,000 C. M. 






2 


tt 


1,000.000 C. M. 


2 


n 


or 2 r 


tt 


1,500,000 C. M. 






2 




1.700,000 C. M. 






3 


tt 


2,000,000 C. M. 






3 


ti 
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TABLE. Ill 
Two Wires in One Conduit 



Size Wirk. B. & S. G. 


LoRiCATED Conduit, Unlined; D. B. Wire 


No. 14 






i inch. 




' 12 


4 inch 


or 


<< 




• 10 








tt 




* 8 








tt 




' 6 








tt 




' 5 


1 


(f 


or 1:; 


tt 




' 4 






1 


ft 




' 3 






1" 


tt 




' 2 


11 


<i 


or If 


tt 




' 1 








tt 




' 








tt 




' 00 


u 


ti 


or 2 


tt 




' 000 






2 


tt 




' 0000 






2 


tt 


250,000 C. M. 


2 


n 


or 24 


tt 


300,000 C. M. 






24 


tt 


350,000 C. M. 






24 


tt 


400,000 C. M. 


24 


ti 


or 3 


tt 


450,000 C. M. 






3 


tt 


500,000 C. M. 






3 


ti 


600,000 C. M. 






3 


It 


700,000 C. M. 






3 


tt 



TABLE iV 
Three Wires in One Conduit 



Size Wire. 


B.&S.O. 












LORICATED 

D. 


Tube. Unlined; 






B. Wire 


Outside 


Center 








No. 14 


No. 12 






finch 


•* 12 


" 10 






i " 


'* 10 


8 






1 " 


8 


6 






1 " 


« 


4 






H " 


5 


2 






U " 


4 


1 


H 


inch or U " 


3 









14 " 


*' 2 


" 2/0 


H 


tt 


or 2 " 


T 


" 3/0 






2 " 





" 4/0 






2 


" 2/0 


250 M. 


2 


tt 


or 24 " 


" 3/0 


300 M. 






24 " 


'' 4/0 


400 M. 






24 " 


250 M. 


450 M. 


24 


tt 


or 3 " 


250 M. 


500 M. 






3 " 


300 M. 


600 M. 






3 " 


350 M. 


700 M. 






3 " 


400 M. 


800 M. 






3 " 


450 M. 


900 M. 






3 " 
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using these tables, for the reason that the sizes of conductors which 
may be safely Installed in any run of conduit depend, of course, upon 
the length of and the number of bends in the run. The tables are 
based on average conditions where the run does not exceed 90 to 100 
feet, without more than three or four bends, in the case of the smaller 
sizes of wires for a given size of conduit; and where the run does not 
exceed 40 to 50 feet, with not more than one or two bends, in the case 
of the larger sizes of wires, for the same sizes of conduit. 

Unlined conduit can be bent without injury to the conduit, if the 
conduit is properly made and if proper means are used in making the 
bends. Care should be exercised to avoid flattening the tube as a result 
of making the bend over a sharp curve or angle. 

In installing iron conduits, the conduits should cross sleepers or 
beams at right angles, so as to reduce the amount of cutting of the 
beams or sleepers to a minimum. 

WTiere a number of conduits originate at a center of distribution, 
they should be run at right angles for a distance of two or three feet 
from the cut-out box, in order to obtain a symmetrical and workman- 
like arrangement of the conduits, and so as to have them enter the 
cabinet in a neat manner. While it is usual to use red or white lead 
at the joints of conduits in order to make them water-tight, this is 
frequently unnecessary in the case of enameled conduit, as there is 
often sufficient enamel on the thread to make a water-tight joint. 

When iron conduits are installed in ash concrete, in Keene 
cement, or, in general, where they are subject in any way to corrosive 
action, they should be coated with asphaltum or other similar protec- 
tive paint to prevent such action. 

While the cost of circuit work run in iron conduits is usually 
greater than any other method of wiring, it is the most permanent 
and durable, and is strongly recommended where the first cost is not 
the sole consideration. This method of wiring should always be 
used in fireproof buildings, and also in the better class of frame build- 
ings. It is also to be recommended for exposed work where the work 
is liable to disturbance or mechanical damage. 

Wires Run in Flexible Metal Conduit. This form of conduit, 
shown in Fig. 2, is descTilHHl by the manufacturers as a conduit com- 
posed of "concave and convex metal strips wound spirally upon each 
other in such a manner as to interlock several concave surfaces and 
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Fig. 2. Flexible Steel Conduit. 
Courtssy of Sterling EUctric Co,^ Troy, y, T, 



present their convex surfaces, both exterior and interior, thereby 
securing a smooth and comparatively frictionless surface inside and 
out." 

The field for the use of this form of conduit is rapidly increasing. 
Owing to its flexibility, conduit of this type can be used in numerous 
cases where the 
rigid conduit 
could not possi- 
bly be em- 
ployed. Its use 
is to be recom- 
mended above 

all the other forms of wiring, except that installed in rigid conduits. 
For new fireproof buildings, it is not so durable as the rigid conduit, 
because not so water-tight; and it is very difficult, if not impossible, 
to obtain as workmanlike a conduit system with the flexible as with the 
rigid type of conduit. For completed or old frame buildings, however, 
the use of the flexible conduit is superior to all other forms of wiring. 

Table V gives the inside diameter of various sizes of flexible con- 
duit, and the lengths of :;tandapd coils. inside diameter of this 
conduit is the same as that of the rigid conduit; and the table given 
for the maximum sizes of conductors which may be installed in the 
various sizes of conduits, may be used also for flexible steel conduits, 
except that a little more margin should be allowed for flexible steel 
conduits than for the rigid conduits, as the stiffness of the latter makes 
it possible to pull in slightly larger sized conductors. 



TABLE V 
Greenfield Flexible Steel Conduit 



Inside Diameter 


Approximate Feet in Coil 




A inch 


200 




tt 


200 . 




. " 


100 




tt 


50 




1 


50 




1} inches 


50 




If " 


50 




2 " 


Random Leneths 




2i " 


tt tt 




3 " • V 


tt tt 
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This conduit should, of course, be first installed without the con- 
ductors, in the same manner as the rigid conduit. Owing to the 
flexibility of this conduit, however, it is absolutely essential to fasten 
it securely at all elbows, bends, or offsets; for, if this is not done, con- 
siderable difficulty will be ex- 
perienced in drawing the con- 
ductors in the conduit. 

The rules governing the in- 
stallation of this conduit are 
the same as those covering 
rigid conduits. Double-braided 
Fig. 8. Use of Elbow Clamp for Pasteninar Flex- conductors are required, and 

Ible Conduit in Place. ^, j -x i i i l i i 

the conduit should be grounded 
as required by the Code Rules. As already stated, the conduit should 
be securely fastened (in not less than three places) at all elbows; or 
else the special elbow clamp made for this purpose, shown in Fig. 3, 
.should be used. 

In Older to cut flexible steel conduit property, a fine hack saw 
should be employed. Outlet-boxes are required at all outlets, as well 
as bushing and wires to rigid 
conduit. Fig. 4 shows a coil 
of flexible steel conduit. Figs. 
5, 6, and 7 show, respectively, 
an outlet box and cover, outlet 
plate, and bushing used for this 
conduit. 

Armored Cable. There 
are many cases where it is im- 
possible to install a conduit 
system. In such cases, prob- 
bably the next best results may 
be obtained by the use of steel Fig. 4. a loo-Footcoo of Flexible steei conduit. 

armoredcable. TheruleSgOV- OourUsyo/SpraffuemectricCo..NewYork.N.r. 

eming the installation of armored cable are given in the National 
Electric Code, under Section 24-A, and Section 48; also in 24-S. This 
cable is shown in Fig. 8. 

Steel armored cable is made by winding formed steel strips over 
the insulated conductors. The steel strips are similar to those used 
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for the steel conduit. Care is taken in forming the cable, to avoid 
crushing or abraiding the insulation on the conductors as the steel 




Fig. 6. Outlet Box for Flexible Steel Conduit. 

strips are fed and formed over the same. In the process of manufac* 
ture, the spools of steel ribbon are of irregular length, and when a 





Fig. 6. Outlet Plate for Flexible Steel Fig. 7. Outlet Bushing. 

Conduit. CourUiy of SpragueElectrio Co.,JVewrork, N.T, 

spool is empty, the machine is stopped, and the ribbon is started on 
the next spool, the process being continued. There is no reason why 




Fig. 8. Flexible Armored Cable. Twin Conductors, 
Courtesy of Spmgue Electric Co., New York, N. Y. 

the conduit cables could not be made of any length; but their actual 
lengths as made are determined by convenience in handling. Armored 
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cable is made in single conductors from No. 1 to No. 10 B. & S. G.; 
in twin conductors, from No. 6 to No. 14 B. & S. G.; and three'^xmduty 
tor cable, from No. 10 to No. 14 B. & S. G. Table VI gives various 
data relating to armored conductors: 

TABLE VI 
Armored Conductors — Types, Dimensions, Etc. 



StZR 


B.&S 


Gauge 


No 


. 14 


tt 


12 


it 


10 


n 


8 


tt 


6 


u 


14 


tt 


12 


<• 


10 


tt 


14 


tt 


12 


tt 


10 


tt 


14 


tt 


12 


tt 


10 


tt 


14 


tt 


12 


tt 


10 


tt 


10 


tt 


8 


tt 


6 


tt 


4 


tt 


2 


tt 


1 


tt 


10 


tt 


8 


tt 


6 


4t 


4 


tt 


2 


tt 


1 


tt 


18 


tt 


16 


tt 


14 


tt 


18 


tt 


16 


n 


14 



Type and Number of Oonductorb 



BX twin conductor 



BM twin conductor (for marine work — ship wiring) 



BX3 three conductor 



BXL twin conductor, leaded 



BXL3 three conductor, leaded 



Type D single conductor, stranded 



Type DL single conductor, stranded, leaded 



Steel Armored Flexible Cord 

Type E t^in conductor 
<( (( It tt 

tt tt tt tt 

Type EM twin conductor, re-inforced 



OUTBXDK 

Diameter 
(Inchbb) 



.63 
.685 
.725 
.875 
l.:W25 

.725 
.725 
.73 

.71 

.725 

.73 

.725 
.725 

.87 

.90 
.90 
.94 

.550 
.550 
.575 
.700 
.900 
.965 

.625 
.710 
.700 
.760 
.920 
.910 



.40 
.40 
.47 

.575 

.585 
.595 



In Table VI, Tvpes D (sbgle), BX (twin), and BX3 (3 conduc- 
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tors) are annored cable adapted for ordinary indoor work. Type 
BM (twin conductors) is adapted for marine wiring. Types DL 
(single), BXL (twin), and BXL 3 (3 conductors) have the conductors 
lead-encased, with the steel armor outside, and are especially adapted 
for damp places, such as breweries, stables, and similar places. 

Type E is used for flexible-cord pendants, and is suitable for 
factories, mills, show windows, and other similar places. Type EM 
is the same as Type E; but the flexible cord is reinforced, and is suit- 
able for marine work, for use in damp places, and in all cases where it 
will be subject to very rough handling. 

AVhile this form of wiring has not the advantage of the conduit 
system — namely, that the wires can be withdrawn and new wires 
inserted without disturbing the building in any way whatever — ^yet it 
has many of the advantages of the flexible steel conduit, and it has 
some additional advantages of its own. For example, in a building 
already erected, this cable can be fished between the floors and in the 
partition walls, where it would be impossible to install either rigid 
conduit or flexible steel conduit without disturbing the floors or 
walls to an extent that would be objectionable. 

Armored conductors should be continuous from outlet to outlet, 
without being spliced and installed on the loop system. Outlet boxes 
should be installed at all outlets, although, where this is impossible, 
outlet plates may be used under certain conditions. Clamps should 
be provided at all outlets, switch-boxes, junction-boxes, etc., to hold 
the cable in place, and also to serve as a means of grounding the steel 
sheathing. 

Armored cable is less expensive than the rigid conduit or the 
flexible steel conduit, but more expensive than cleat wiring or knob 
and tube wiring, and is strongly recommended in preference to the 
latter. • 

WIRES RUN IN MOULDING 

Moulding is very ^extensively used for electric circuit work, in 
extending circuits in buildings which have already been wired, and 
also in wiring buildings which were not provided with electric circuit 
work at the time of their erection. The reason for the popularity of 
moulding is that it furnishes a convenient and fairly good-looking 
runway for the wires, and protects them from mechanical injury. 
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It seems almost unwise to place conductors carrying electric current, 
in wood casing; but this method is still permitted by the National 
Electric Code, although it is not allowed in damp places or in places 
j^j^ where there is liability to damp 



^- Ac -Ab-+Aa4-Ab^ 



lAc -^lO 



Fig. 9. Two- Wire Wood Moulding. 



ness, such as on brick walls, 
in cellars, etc. 

The dangers from the use of 
moulding are that if the wood 
becomes soaked with water, 
there will be a liability to leak- 
age of current between the conductors run in the grooves of the mould- 
ing,and to fire being thereby started, which may not be immediately dis- 
covered. Furthermore, if the conductors are overloaded, and conse- 
quently overheated, the wood is likely to become charred and finally ig- 
nited. Moreover, the moulding itself is always a temptation as affording 
a good "round strip" in which to drive nails, hooks, etc. However, the 
^convenience and popularity of moulding cannot be denied; and until 
some better substitute is found, or until its use is forbidden bv the 
Rides, it will continue to be used to a very great extent for running 
circuits outside of the walls and on the ceilings of existing buildings. 
Figs. 9, 10, 11, and 12 show two- and three-wire moulding respectively; 
and Table VII gives complete data as to sizes of the moulding required 
for various sizes of conductors. 

While the Rides recommend the use of hardwood moulding, as a 
matter of fact probably 90 per cent of the moulding used is of white- 
wood or other similar cheap, soft wood . Georgia pine or oak ordinarily 



T 

d 

I 



7^ 



i 



— Ac- 



-Ab- 



-Aa- 



Ab-— Ac-^ 



(D 



Fig. 10. Two- wire Wood Moulding. 



costs about twice as much as the soft wood. In designing moulding 
work, if appearance is -of importance, the moulding circuits should 
be laid out so as to afford a symmetrical and complete design. For 
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example, if an outlet is to be located in the center of the ceiling, 
the moulding should.be continued from wall to wall, the portion beyond 
the outlet, of course, having no conductors inside of the moulding. 
If four outlets are to be placed on the ceiling, the r°ictangle of moulding 
should be completed on the fourth side, although, of course, no con- 



g 



K 



Si 



Ac -Ab'+'Aa^r Ab -4*AaT-Ab-+«Vc * Jj 



Fig. 11. Three- Wire Wood Moulding. 

ductors need be placed in this portion of the moulding. Doing this 
increases the cost but little and adds greatly to the appearance. 

Moulding is frequently used in combination with other methods 
of wiring, including armored cable, flexible steel tubing, and fibrous 
tubing. In many instances, it is possible to fish tubing between 
beams or studs running in a certain direction; but when the conduc- 
tors are to run in another direction or at right angles to the beams or 
studs, exposed work is necessary. In such cases, a junction-box or 
outlet-box must be placed at the point of connection between the 
moulding and the armored cable or steel tubing. 

Where circuits are run in moulding, and pass through the floor, 
additional protection must be provided, as required by the Code Rules, 
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Fig. 18. Tliree-Wire Wood Moulding. 

to protect the moulding. As a rule, it is better to use conduit for all 
portions of moulding within six feet of the floor, so as to avoid the 
possibility of injury to the circuits. Where a combination of iron 
conduit or flexible steel tubing is used with moulding, it is well to use 
double-braided conductors throughout, because, although only single- 
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TABLE VII 
Sizes of Mouldings Required for Various Sizes of Conductors 



o( 

Z 




u. 

la 


MAXIMUM 
SIZE OF WIRE 
BANoS.aAUqE 


DIMENSIONS IN INCHES 


50LID 


STRANDED 


A 


Aa 


Ab 


Ac 


6 


Da 


&b 


Be 


c 


Ca 


9 


A-2 


2 


12 


lA 


<i 


^ 


1 

■4- 


1 


II 


1 


7 
32 


T 


'i 


16 


9 


A-4 


a 


6 


10 


'(4 


1 
■2 


16 


g 


II 


11 


92 


'6 




:2. 
1^ 


9 


A-6 


2 


-4 


5 


2 


i 






'■fe 


It 


i 


li 


'ft 


a 


9 


A-0 


2 


1 


S 


^ 


1 

2 


16 




1^ 


16 


4- 


^ 


'H 




9 


A-9 


2 


- 


% 


3 


i 


* 


f6 


'4 


'a 


h 


* 


^i 


S 


10 


A-IO 


2 


-- 


550000 


3}i 


ik 


i 


3- 


'^i 


if 


s. 


i 




— 


10 


A-ll 


2 


- 


AOQOOO 
CM. 


4 


16 


1 


Ik 


^1 


'^ 


16 


1 





— 




B-2 


3 


12 


\A 


a| 


16 


A 


^ 


£2 
32 


f 


2. 
32 


J- 


•.^ 


1% 




B-4 


3 


6 


10 


4 


^a 


le 


Te 


If 


II 

le 


ii 


ll 


^i 


h 




B-6 


3 


^ 


S 


^i 


^ 


7 

re 


i 


'1^ 


fi 


i 


.■i 


2| 






B-a 


3 


1 


^ 


3| 


19 
32 


16 


t 


•il 


{| 


i 


16 


3lfe 


h 




B-9 


3 


- 


^/o 


4 


9 
16 


4- 


J 


'i 


'i 


h 




3| 


h 


12 


BHO 


3 


- 


25QOOO 
CM. 


4 


If 


J 


H 


'14 


i| 


4 


I 


— 


— 


\2 


B-ll 


3 


- 


-^OQOOO 
CM. 


i 


16 


I 


m 


2| 


'5 


il 


1 


— 


— 



braided conductors are reciuired with moulding, double-braided con- 
ductors are required with unlined conduit, and if double-braided con- 
ductors were not used throughout, it would be necessary to make a 
joint at the outlet-l)ox where the moulding stopped and the conduit 
work commenced. '\\1iere the conductors pass through floors, in 
moulding work, and where iron conduit is used, the inspection authori- 
ties, in order to protect the wire, usually require that a fibrous tubing 
be used as additional protection for the conductors inside of the iron 
pipe, although, if double-braided wire is used, this will not usually be 
required. Fig. 13 shows a fuseless conl n)sette for use with moulding 
work. Fig. 14 shows a device for making a ia'p in moulding wiring. 

Moulding work, under ordinary conditions, costs about one-half 
as much as circuit run in rigid conduit, and about 75 per cent, under 
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ordinary conditions, of the cost of armored cable. "WTiere the latter 
method of wiring or the conduit system can be employed, one or tne 
other of these two methods should be used in preference to moulding, 




^ 




Fig. la Fuseless Cord 

Rosette. 
Court fxy of Croune- TTinda Co.^ 
Syracuse, X. Y. 



Fig. 14. Device for Making ' 'Tap' ' In 
Moulding. 
Courtesy of II. T. Paiste C^., 
Philadelphia, Pa. 



as the work is not only more substantial, but also safer. Various fonns 
of metal moulding have been introduced, but up to the present time 
have not met with the success which they deserve. 

CONCEALED KNOB AND TUBE WIRING 

This method of wiring is still allowed by the National Electric 
Code, although many vigorous attempts have been made to have it 
abolished. Each of these attempts has met with the strongest 
opposition from contractors and central stations, particularly in small 
towns and villages, the argument for this method being, that it is the 
cheapest method of wiring, and that if it were forbidden, many places 
which are wired according to this method would not be wired at all, 
and the use of electricity would therefore be much restricted, if not 
entirely done away with, in such communities. This argument, how- 
ever, is only a temporary makeshift obstruction in the way of inevitable 
progress, and in a few years, undoubtedly, the concealed knob and 
tube method will be forbidden by the National Electric Code, 

The cost of wiring according to this method is alx)ut one-third 
of the cost of circuits run in rigid ccmduit, and about one-half of the 
cost of circuits run in armored cable. The latter method of wiring 
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is rapidly replacing knob and tube wiring, and justly so, wherever 
the additional price for the latter method of wiring can be obtained. 
As the name indicates, this method of wiring employs porcelain knobs 




Fig. 15. KDob and Tube Wiring. 

and tubes, the circuit work being run concealed between the floor beams 
and studs of a frame building. The knobs are used when the circuits 
run parallel to the floor beams; and the porcelain tubes are used when 
the circuits are run at right angles to the floor beams. 

Fig. 15 shows an example of knob and tube wiring. In concealed 
knob and tube wiring, the wires must be separated at least ten inches 
from one another, and at least one inch from the surface wired over, 
that is, from the beams, flooring, etc., to which the insulator is fas- 
tened. Fig. 16 shows a 
good type of porcelain 
knob for this class of 
wiring. For knob^ and 
tube wiring, it will be 
noted that, owing to the 
fact that the wiring is 
concealed, the conductors 
must be kept further apart than in the case of exposed or open wiring 
on insulators, where, except in damp places, the wires may be run on 
cleats or on insuktors only one-half inch from the surface wired over. 




Fig. 16. Porcelain Knob. 
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Fibrous Tubing. Fibrous tubing is frequently used with knob 
and tube wiring, and the regulations governing its use are given in 
Rule 24, Section S, of the National Electric Code, This tubing, as 
stated in this Rule, may be used where it is impossible and impracticable 
to employ knobs and tubes, provided the difference in potential 
between the wires is not over 300 volts, and if the wires are not sub- 




Plg. 17. Flexible Tubing, ••Flexduct" Tyi)e. 
CourUtyof National Metal Molding Co.y IHttsburg^ Pa. 



ject to moisture. The cost of wiring in flexible fibrous tubing is 
approximately about the same as the cost of knob and tube wiring. 
Duplex conductors, or two wires together are not allowed in fibrous 
tubing. 

Fibrous tubing is recjuired at all outlets where conduit or armored 
cable is not used (as hi knob and tube wiring) ; and, as required by the 
Rules, it must extend back from the last porcelain support to one inch 
beyond the outlet. Fig. 17 shows one make of fibrous tubing. 

Table VIII gives the maximum sizes of conductors (double- 
braided) which may be installed in fibrous conduit. 



TABLE VIII 
Sizes of Conductors in Fibrous Conduit 



OuTftxDB Diameter 


Inside Diameter 


On 


B Wire in Tube 


It 


inch 


\ inch 


No. 


12 


1 
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8 


{ 




■ : 




H 


6 


I 








*t 


1 


ls\ 




i 




tt 


2/0 


lAr 




1 






250,000 C. M. 


lA 




U 






400,000 C. M. 


w 




li 






750,000 C. M. 




u 






1,000,000 C. M. 


2 




2 






1,500,000 C. M. 


2t 




2i 






2,000,000 C. M. 
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WIRES RUN EXPOSED ON INSULATORS 

This methcxl of wiring has the advantages of cheapness,durability , 
and accessibility. 

Cheapness. The relative cost of this method of wiring as com- 
pared wdth that of the concealed conduit system, is about fifty per cent 
of the ktter if rubber-covered conductors are used, and about forty 
per cent of the latter if weatherproof slow-buming conductors are used. 
As the Rules of the Fire Underwriters allow the use of weatherproof 
■ slow-buming conductors in dry places, considerable saving may be 
effected by tliis metliod of wiring, provided there is no objection to it 




Fig. 18. Large Feeders Run Exposed on Insulators. 

from the standpoint of appearance, and also provided that it is not 
liable to mechanical injury or disarrangement. 

Durability. It is a well-known fact that rubber insulation has a 
relatively short life. Inasmuch as in this method of wiring, the insula- 
tion does not depend upon the insulation of the conductors, but on 
the insulators themselves, which are of glass or porcelain, this system 
is much more desirable than any of the other methods. Of course, 
if the conductors are mechanically injured, or the insulators broken, 
the insulation of the system is reduced ; but there is no gradual dete- 
rioration as there is in the case of other methods of wiring, where 



306 



Digitized by 



Google 



ELECTRIC WIRING 



17 



rubber is depended upon for insulation. This is especially true in hot ' 
places, particularly where the temperature is 120*^ F. or above. For 
such cases, the weatherproof slow-burning conductors on porcelain 
or glass insulators are especially recommended. 

Accessibility. The conductors being run exposeil, they may be 
readily repaired or removed, or connections may be made to the same. 

This method of 
wiring is especially 
recommended for 
mills, factories, and 
for large or long 
feeder conductors. 
Fig. 18 shows ex- 
amples of exjK ied 
large feeder con- 
ductors, installed in the New York I^ife Insurance Building, New 
York City. For small conductors, up to say No. 6 B. & S. 
Gauge each, porcelain cleats may be used to support one, two, 
or three conductors, provided the distance between the conduc- 





ac) 



Flp. 19. Two- Wire Cleat. 





Fig. aa One- Wire Cleat. 



Fig. 21. Porcelain In.sulator for 
Large Conduciors. 



tors is at least 2^ inches in a two-wire system, and 2 J inches 
between the two outside conductors in a three-wire system where the 
potential between the outside conductors is not over 300 volts. The 
cleat must hold the wire at least one-half inch from the surface to which 
the cleat is fastenal; and in damp places the wire mu.st be held at 
least one inch from the surface wired over. For larger conductors, 
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from No. 6 to No. 4 / B. & S. Gauge, it is usual to use single porcelain 
cleats or knobs. Figs. 19 and 20 show a good form of two-wire 




Fig. 83. Iron Rack and Insulators for Large Conductors. 
Courtesy of General Electric Co., Schenectady, N. Y. 



cleat and single-wire cleat, respectively. 

For large feeder or main conductors 
fn.ni No. 4/0 B.& S. Gauge upward, a 
moi\^ substantial form of porcelain insu- 
latoi should be used, such as shown in 
Fig. 21. These insulators are held in 
iron racks or angle-iron frames, of which 
two forms are shown in Figs. 22 and 23. 
The latter form of rack is particularly de- 
sirable for heavy conductors and where a 
number of conductors are run together. 
In this form of rack, any length of con- 
ductor can be removed without disturb- 
ing the other conductors. 

As a rule, the porcelain insulators 
should be placed not more than 4 J feet 
apart; and if the wires are liable to be 
disturbed, the distance between supports 
should be shortened, particularly for small 
conductors. If the beams are so far 
apart that supports cannot be obtained 
every 4J feet, it is necessary to provide a 
running board as shown in Fig. 24, to 
which the porcelain cleats and knobs 
can be fastened. Figs. 25 and 2G show 
two methods of supporting small con- 
ductors. For conductors of No. 8 B. & S. 



p n ' i t^ 






Oil 






OJl 



E- 
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o_ 



nr 



Fig. 23. Elevation and Plan of 
Insulators Held in Angle- 
Iron Frames. 
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Gauge, or over, it is not necessary to break around the beams, provided 
they are not liable to be disturbed ; but the supports may be placed on 
each beam, 

WTiere the dis- 
tance between the 
supports, however, 
is greater than 4^ 
feet, it is usually 
necessary to provide 
intermediate sup- 
ports, as shown in 
Fig. 27, or else to provide a running-board. Another method which 
may be used, where beams are further than 4.\ feet apart, is to 




Fig. 24. 



Insulators Mounted on Running-Board across Wide- 
Spaced Beams. 




:sr 



^^^^^¥ — M — ?**^^ 



Fig. 25. Method of .Supporting Small Conductors. 



KJ> 



Fig. 27. Intermediate Support for Conductor between Wide-Spaced Beams. 

run a main along the wall at right angles to the beams, and to 
have the individual circuits run between and parallel to the beams. 





Fig. 26. Method of Supporting a Small 
Conductor. 



Fig. 28. Conductors Protected by Wooden 
Guard Strips on Low Celling. 



In low-ceiling rooms, where the conductors are liable to injury, 
it is usually recjuircd that a wooden guard strip l)e phice<l on each side 
of the conductors, as shown in Fig. 28. 

WTiere the conductors pass through partitions or walls, they must 
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be protected by porcelain tubes, or, if the conductors be of rubber, by 
means of fibrous tubing placed inside of iron conduits. 

All conductors on the walls for a height of not less than six feet 
from the ground, either should be boxed in, or, if they be rubber-covered, 
should (preferably) be run in iron conduits; and in conductors having 
single braid only, additional protection should be provided bymeans of 
flexible tubing placed inside of the iron conduit. 

\Miere conductors cross each other, or where they cross iron pipes, 
they should be protected by means of porcelain tubes fastened with 
tape or in some other substantial manner that will prevent the tubes 
from slipping out of place. 

TWO-WIRE AND THREE-WIRE SYSTEMS 

As both the two-wire and the three-wire system are extensively 
used in electric wiring, it will be well to give some consideration to the 
advantages and disadvantages of each system, and to explain them 
somewhat in detail. 

Relative Advantages. The choice of either a two-wire or a three- 
wire system depends largely upon the source of supply. If, for ex- 
ample, the source of supply will always probably be a 120-volt, two- 
wire system, there would be no object in installing a three-wire system 
for the wiring. If, on the other hand, the source of supply is a 120- 
240-volt system, the wiring should, of course, be made three-wire. 
Furthermore, if at the outset the supply were two-wire, but with a pos- 
sibility of a three-wire system being provided later, it would be well 
to adapt the electric wiring for the three-wire system, making the 
neutral conductor twice as large as either of the outside conductors, 
and combining the two outside conductors to make a single conductor 
until such time as the three-wire ser\'ice iS installed. Of course, there 
would be no saving of copper in this last-mentioned three-wire system, 
and in fact it would be slightly more expensive than a two-wire system, 
as will be shortly explained. 

The object of the three-wire system is to reduce the amount of 
copper — ^and consequently the cost of wiring — ^necessary to transmit a 
given amount of electric power. As a rule, the proposition is usually 
one of lighting and not of power, for the reason that by means of the 
three-wire system we are able to increase the potential at which the 
current is transmitted, and at the same time to take advantage of the 
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greater efficiency of the lower voltage lamp. If current for power 
(motors, etc.) only were to be transmitted, it would be a simple matter 
to wind the motors, etc., for a higher voltage, and thereby reduce the 
weight of copper. 
If, however, we in- 
crease the voltage 
of lamps, we find 
that they are not so 
efficient, nor is their 

life so Ion ff. With Fig«28« Three-wire system, \rtth Neutral conductor boiwteu 
® ' the Two OutBlde Conductors. 

the stand an! carbon 

lamp, it has been found that the 240-volt lamp, with the same 
life, requires alx)ut 10 to 12 per cent more current than the cor- 
responding 120-volt lamp. Furthermore, in the case of the more 
efficient lamps recently intnxhice*! (such as the Tantalum lamp, 
Tungsten lamp, etc.), it has l)een found impracticable, if not impos- 
sible, to make them for pressures above 125 volts. For this reason 
the three- wire system is employed, for by this method we can use 240 
volts across the outside conductors, and by the use of a neutral con- 
ductor obtain 120 volts between the neutral and the outside conductor, 
and thereby be enabled to use 120-volt lamps. Furthermore, if a 
240-volt lamp should ever be placed on the market that was as economi- 
cal as the lower voltage lamp, the result would be that the 240-480- 
volt system would he introduced, and 240-volt lamps used. As a 

- matter of fact, this 
has been tried in 
several cities — and 
particularly in . 
Providence, Rhcxle 
^ Island. As a nde, 



Z 



i 



Pig. 30. Lamps Arranged In Pairs in Series, Dispensing with however, the 120- 

Necesslty for Third or Neutral Conductor. 

volt lamp has been 
found so much more satisfactory as reganls life, efficiency, etc., that 
it is nearly always employed. 

The two-wire system is so extremely simple that no explanation 
whatever is required concerning it. 

The three-wire system, however, is somewhat confusing,- ana 
will now be considered. 
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Details of Three-Wire System. The three-wire system may be 
considered as a two-wire system with a third or neutral conductor 
placed between the two outside conductors, as shown in Fig. 29- 
This neutral conductor would not be required if we could always have 
the lamps arranged in pairs, as shown in Fig. 30. In this case, the 
two lamps would bum in series, and we could transmit the current 
at double the usual voltage, and thereby supply twice the number of 
lamps with one-quarter the weight of copper, allowing the same loss 
in pressure in the lamps. The reason for this is, that, having the 
lamps arranged in serie:^ of pairs, we reduce the current to one-half, 
and, as the pressure at which the current is transmitted is doubled, 
we can again reduce the copper one-half without increasing the loss 
in lamps. We therefore see that we have a double saving, as the cur- 
rent is reduced one-half, which reduces the weight of copper one-half, 
and we can again reduce the copper one-half by doubling the loss in 
volts without increasing the percentage loss. For example, if in one 
case we had a straight two-wire system transmitting current to 100 
lamps at a potential of 100 volts, and this system were replaced by one 
in which the lamps were placed ip series of pairs, as shown in Fig. 30, 
and the potential increased to 200 volts — 100 lamps still being used — 
we should find, in the latter case, that we were carrying current really 
for only 50 lamps, as we would require only the same amount of cur- 
rent for two lamps now that we required for one lamp before. Fur- 
thermore, as the potential would now be 200 instead of 100 volts, 
we could allow twice as much loss as in the first case, because the loss 
would now be figured as a percentage of 200 volts instead of a percent- 
age of 100 volts. From this, it will readily be seen that in the second 
case mentioned, we would require only one-quarter the weight of 
copper that would be required in the first case. 

It will readily be seen, however, that a system such as that out- 
lined in the second scheme having two lamps, would be impracticable 
for ordinary purposes, for the reason that it would always require the 
lamps to be burned in pairs. Now, it is for this very reason that the 
third or neutral conductor is required ; and, if this conductor be added , 
it will no longer be necessary to bum the lamps in pairs. This, then, 
is the object of the three-wire system — to enable us to reduce the 
amount of copper required for transmitting current, without increasing 
the electric pressure employed for the lamps. 
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With regard to the size of the neutral conductor, one important 
point must be borne in mind ; and that is, that the Rtdes of the National 
Electric Code require the neutral conductor in all interior ^ring to be 
made at least as large as either of the two outside conductors. The 
reasons for this from a fire standpoint are obvious, because, if for 
any reason either of the outside conductors became disconnected, the 
neutral wire might be required to cany the same current as the out- 
side conductors, and therefore it should be of the same capacity. Of 
course, the chances of such an event happening are slight; but, as 
the fire hazard is all-important, this rule must be complied with for 
interior wiring or in all cases where there would be a probability of 
fire. For outside or underground work, however, where the fire 
hazard would be relatively unimportant, the neutral conductor might 
be reduced in size; and, as a matter of fact, it is made smaller than 
the outside conductors. 

The three-wire system is sometimes installed where it is desired 
to use the system as a two-wire, 125-volt system, or to have it arranged 
so that it may be used at any time also as a three-wire, 125-250-volt 
system. Of course, in order to do this, it is necessary to make the 
neutral conductor equal to the combined capacity of the outside con- 
ductors, the latter being then connected together to form one con- 
ductor, the neutral being the return conductor. This system is not 
recommended except in such instances, for example, as where an 
isolated plant of 125 volts is installed, and where there is a possibility 
of changing over at some future time to the three-wire, 125-250-volt 
system. In such a case as this, however, it would be better, where 
possible, to design the isolated plant for a three-wire, 125-250-volt 
system originally, and then to make the neutral conductor the same 
size as each of the two outside conductors. 

The weight of copper required in a three-wire system where the 
neutral conductor is the same size as either of the two outside conduct- 
ors, is f of that required for a corresponding two-wire system using 
the same voltage of lamps.* It is obvious that this is true, because, 

*NoTE. — If, In the two-wire system, we represent the weight of each of the two con- 
ductors by i. the weight of each of the outside conductors in a three- wire system would 
be represented by i; and if we had three conductors of the same size, we would have 
^4.|-|.^ = |of the weight of copper required in a three-wire system, which would be 
required in a corresponding two-wire system having the same percentage of loss and 
using the same voltage of lamps. 

If the neutral conductor were made ^ of the size of each of the outside conductors, 
a*t is sometimes done in underground work, the total weight of copper required would bo 
I Hi 1-1^'=^ of that required in the corresponding two- wire system. 
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as the discussion proved concerning the arrangement shown in Fig. 
30, where the lamps were placed in series of pairs, we found that the 
weight of eopper for the two conductors was one-quarter the weight 
of the regular two-wire system. It is then of course true, tliat, if we 
•had another conductor of the same size as each of the outside conductr 
ors, we increase theweight of copper one-half, or one-quarter plus 
one-half of one-quarter — that is, three-eighths. 

In the three-wire system frequently used in isolated plants in 
which the two outside conductr^rs are joined together and the neutral 
conductor made equal to their combined capacity, there is no saving 
of copper, for the reason that the same voltage of transmission is used, 
and, consequently, we have neither reduced the current nor increased 
the potential. Furthermore, though the weight of copper is the same, 
it is now divided into three conductors, instead of two, and naturally 
it costs relatively more to insulate and manufacture three conductors 
than to insulate and manufacture two conductors having the same 
total weight of copper. As a matter of fact, the three-wire system, 
having the neutral conductor equal to the combined capacity of the 
two outside ones, the latter being joined together, is about 8 to 10 
per cent more expensive than the corresponding straight two-wire 
system. 

In interior wiring, as a rule, where the three-wire system is used 
for the mains and feeders, the two-wire system is nearly always em- 
ployed for the branch circuits. Of course, the two-wire branch cir- 
cuits are then balanced on each side of the three-wire system, so as to 
obtain as far as possible at all times an equal balance on the two sides 
of the system. This is done so as to have the neutral conductor carry 
as little current as possible. From what has already been said, it is 
obvious that in case there is a perfect balance, the lamps are virtually 
in series of pairs, and the neutral conductor does not carry any current. 
Where there is an unbalanced condition, the neutral conductor carries 
the difference between the current on one side and the current on the 
other side of the system! For example, if we had five lamps on one 
side of the system and ten lamps on the other, the neutral conductor 
would carry the current corresponding to five lamps. 

In calculating the three-wire system, the neutral conductor is 
disregarded, the outer wires being treated as a two-wire circuit, and 
the calculation is for one-half the total number of lamps, the per- 



Digitized by LjOOQ IC 



ELECTRIC WIRING 25 

centage'of loss being based on the potential across the two outside 
conductors. 

The three-wire system is very generally employed in alternating- 
current secondary wiring, as nearly all transformers are built with 
three-wire connections. 

While unbalancing will not affect the total loss in the outside 
conductors, yet it does affect the loss in the lamps, for the reason that 
the system is usually calculated on the basis of a perfect balance, and 
the loss is divided equally between the two lamps (the latter being 
considered in series of pairs). If, however, there is unbalancing to 
a great degree, the loss in lamps will be increased ; and if the entire 
load is thrown over on one side, the loss in the lamps will be doubled 
on the remaining side, because the total loss in voltage will now occur . 
in these lamps, whereas, in the case of perfect balance, it would \ye 
equally divided between the two groups of lamps. 

CALCULATION OF SIZES OF CONDUCTORS 

The formula for calculating the sizes of conductors for direct 
currents, where the length, load, and loss in volts are given, is as fol- 
lows: 

The size of conductor (in circular mils) is equal to the current muUiplied 
by the distance (one way), multiplied by 21.6, divided by the loss in volts; or, 
Cyf^CjiDx21^ (,j 

in which C = Current, in amperes; 

D — Distance or length of the circuit (one way, in feet) ; 

V = Loss in volts between the beginning and end of the circuit. 

The constant (21.6) of this formula is derived from the resistance 
of a mil foot of wire of 98 per cent conductivity at 25° Centigrade or 
77° Fahrenheit. The resistance of a conductor of one mil diam- 
eter and one foot long, is 10.8 at the temperature and conduc- 
tivity named. We multiply this figure (10.8) by 2, as the length of a 
circuit is usually given as the distance one way, and in onler to obtain 
the resistance of both conductors in a two-wire circuit, we must 
multiply by 2. The formula as alwve given, therefore, is for a two- 
wire circuit; and in calculating the size of conductors in a three-wire 
system, the calculation should be ma<le on a two-wire basis, as ex- 
plained hereinafter. 
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Formula 1 can l)e transformed so as to obtain the loss in a given 
circuit, or the current which may be carried a given distance with a 
stated loss, or to obtain the distance when the other factors are given, 
in the following manner: 

Formula for Calculating Loss In Circuit when Size, Current, and Distance are Qlveo 

Tr- CXDX 21.6 r^x 

^ - CM y^^) 

Formula for Calculating Current which may be Carried by a Given Circuit of Specified 
Length, and with a Specified Loss 



CM X V 



^" D X 21.6 \^) 

Formula for Calculating Length of Circuit when Size, Loss, and Current to be Carried 

are Qiven 

CM XV r^x 

^~ C X 21.6 v^/ 

Formulae are frequently given for calculating sizes of conductors, 
etc., where the load, instead of being given in amperes, is stated in 
lamps or in horse-power. It is usually advisable, however, to reduce 
the load to amperes, as the efficiency of lamps and motors is a variable 
quantity, and the current varies correspondingly. 

It is sometimes convenient, however, to make the calculation 
in terms of watts. It will readily be seen that we can obtain a formula 
expressed in watts from Formula 1. To do this, it is advisable to 
express the loss in volts in percentage, instead of actual volts lost. It 
must be remembered that, in the above formulae, V represents the 
volts lost in the circuit, or, in other words, the difference in potential 
between the beginning and the end of the circuit, and is not the 
applied E. M. F. The loss in percentage, in any circuit, is equal to 
the actual loss expressed in volts, divided by the line voltage, mvUijlied 
by 100; or, 

P = -Jx 100. 



From this equation, we have: 



100 



If, for example, the calculation is to be made on a loss of 5 per cent, 

with an applied voltage of 250, using this last equation, we would have: 

-- 5X250 ,._ ,. 
^ = —100— = 12.6 volts. 

P E 
Substituting the equation V= -j^ in Formula 1 , we have? 
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C M = 



C X DX 21.6 

P K 

100 
C X D X 21.6 X 100 


PE 
C X D X 2,160 



P E 

This equatioa it should be remembered, is expressed in terms of 
applied voltage. Now, since the power in watts is equal to the applied 
voltage mvitiplied by the current {W = EC), it follows that 

^ E 
By substituting this value of C in the equation given above [C M= 

C yc D yc 2 160\ 

n-f- — I f ^^^ formula is expressed in tenns of watts instead 

of current, thus: 

^■'^="-^7^'-- (5) 

in which W = Power in watts transmitted; 

D = Length of the circuit (one way) — that is, the length of one 

conductor; 
P = Figure representing the percentage loss; 
E*= Applied voltage. 

All the above formute are for calculations of two-wire circuits. 
In making calculations for three-wire circuits, it is usual to make the 
calculation on the basis of the two outside conductors; and in three 
wire calculations, the above formulae can be used with a slight modifi- 
cation, as will be shown. 

In a three-wire circuit, it is usually assumed in making the cal- 
culation, that the load is equally balanced- on the two sides of the 
neutral conductor; and, as the potential across the outside conductors 
is dguble that of the corresponding potential across a two-wire circuit, 
it is evident that for the same size of conductor the total loss in volts 
could be doubled without increasing the percentage of loss in lamps. 
Furthermore, as the load on one side of the neutral conductor, when 
the system is balanced, is virtually in series with the load on the 
third side, the current in amperes is usually one-half the sum of the 
current required by all the lamps. If C be still taken as the total 

*NoTB. Remember that V in FormulsB 1 to 4 represents the volts lost, but that 
B In Formula 8 represents the applied voltage. 
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current in amperes (that is, the sum of the current required by all of 
the lamps) in Formula 1, we shall have to divide this current by 2, 
to use the formula for calculating the two outside conductors for a 
three-wire system. Furthermore, we shall have to multiply the 
voltage lost in the lamps by 2, to obtain the voltage lost in the two out- 
side conductors, for the reason that the potential of the outside con* 
ductors is double the potential required by the lamps themselves. 
In other words, Formula 1 will become: 

CxDx 21.6 



CM 



2 X FX2 
CXDX 21.6 



4r ' (6) 

in which C = Sum of current required by all of the lamps on both sides of 

the neutral conductor; 
D = liCngth of circuit — ^that is, of any one of the three conductors; 
V = Loss allowed in the lamps, i. e., one-half the total loss in the 

two outside conductors. 

In the same manner, all of the other formulse may be adapted for 
making calculations for three-wire systems. Of course the calcula- 
tion of a three-wire system could be made as if it were a two-wire 
system, by taking one-half the total number of lamps supplied, at 
one-half the voltage between the outside conductors. 

It is understood, of course, that the size of the conductor in 
Formula 6 is the size of each of the two outside ones; but, inasmuch 
as the Rules of the National Electric Code require that for interior 
wiring the neutral conductor shall be at least equal in size to the outside 
conductors, it is not necessary to calculate the size of the neutral 
conductor. It must be remembered, however, that, in a three-wire 
system where the neutral conductor is made equal in capacity to the 
combined size of the two outside conductors, and where the two 
outside conductors are joined together, we have virtually a two-wire 
system arranged so that it can be converted into a three-wire system 
later. In this case the calculation is exactly the same as in the case 
of the two-wire circuits, except that one of the two conductors b split 
into two smaller wires of the same capacity. This is frequently done 
where isolated plants are installed, and where the generators are wound 
for 125 volts and it may be desired at times to take current from an 
outside three-wire 125-250-volt system. 
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METHOD OF PLANNING A WIRING 
INSTALLATION 

The first step in planning a wiring installation, is to gather all 
the data which will affect either directly or indirectly the system of 
wiring and the manner in which the conductors are to be installed. 
These data will include: Kind of building; construction of building; 
space available for conductors; source and system of electric-current 
supply; and all details which will determine the method of wiring 
to be employed. These last items materially affect the cost of the 
work, and are usually determined by the character of the building 
and by commercial considerations. 

Method of Wiring. In a modem fireproof building, the only 
system of wiring to be recommended is that in which the conductors 
are installed in rigid conduits; although, even in such cases, it may be 
desirable, and economy may be effected thereby, to install the larger 
feeder and main conductors exposed on insulators using weatherproof 
slow-burning wire. This latter method should be used, however, 
only where there is a convenient runway for the conductors, so that 
they will not be crowded and will not cross pipes, ducts, etc., and 
also will not have too many bends. Also, the local inspection authori- 
ties should be consulted before using this method. 

For mills, factories, etc., wires exposed on cleats or insulators 
are usually to be recommended, although rigid conduit, flexible con- 
duit, or armored cable may be desirable. 

In finished buildings, and for extensions of existing outlets, 
where the wiring could not readily or conveniently be concealed, 
moulding is generally used, particularly where cleat wiring or other 
exposed methods of wiring would be objectionable. However, as 
has already been said, moulding should not be employed where there 
is any liability to dampness. 

In finished buildings, particularly where they are of frame con- 
struction, flexible steel conduits or armored cable are to be recom- 
mended. 

WTiile in new buildings of frame construction, knob and tube 
wiring are frequently employed, this method should be used only 
where the question of first cost is of prime importance. Wliile armored 
cable will cost approximately 50 to 100 per cent more than knob and 
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tube wiring, the former method is so much more permanent and is 
so much safer that it is strongly recommended. 

Systems of Wiring. The system of wiring — ^that is, whether 
the two-wire or the three-wire system shall be used — is usually deter- 
mined by the source of supply. If the source of supply is an isolated 
plant, with simple two-wire generators, and with little possibility 
of current being taken from the outside at some future time, the 
wiring in the building should be laid out on the two-wire system. If, 
on the other hand, the isolated plant is three-wire (having three-wire 
generators, or two-wire generators with balancer sets), or if the cur- 
rent is taken from an outside source, the wiring in the building should 
be laid out on a three-wire system. 

It very seldom happens that current supply from a central station 
is arranged with other than the three-wire system inside of buildings, 
because, if the outside supply is alternating current, the transformers 
are usually adapted for a three-wire system. For small buildings, 
on the other hand, where there are only a few lights and where there 
would be only one feeder, the two-wire system is used. As a rule, 
however, when the current is taken from an outside source, it is best 
to consult the engineer of the central station supplymg the current, 
and to conform with his wishes. As a matter of fact, this should be 
done in any event, in order to ascertain the proper voltage for the 
lamps and for the motors, and also to ascertain whether the central 
station will supply transformers, meters, and lamps — for, if these 
are not thus supplied, they should be included in the contract for the 
wiring. 

Location of Outlets. It is not within the scope of this treatise 
to discuss the matter of illumination, but it is desirable, at this point, 
to outline briefly the method of procedure. 

A set of plans, including elevation and details, if any, and show- 
ing decorative treatment of the various rooms, should be obtained 
from the Architect. A careful study should then be made by the 
Architect, the Owner, and the Engineer, or some other person qualified 
to make recommendations as to illumination. The location of the 
outlets will depend: First, upon the decorative treatment of the 
room, which determines the aesthetic and architectural effects; second, 
upon the type and general form of fixtures to be used, which shoula 
be previously decided on; third, upon the tastes of the owners or 
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occupants in regard to illumination in general, as it is found that 
tastes vaiy widely in regard to amount and kind of illumination. 

The location of the outlets, and the number of lights required 
at each, having been determined, the outlets should be marked on 
the plans. 

The Architect should then be consulted as to the location of the 
centers of distribution, the available points for the risers or feeders, 
and the available space f(5r the branch circuit conductors. 

In regard to the rising points for the feeders and mains, the fol- 
lowing precautions should be used in selecting chases: 

1. The space should be amply large to accommodate all the feeders and 
mains likely to rise at that given point. This seems trite and unnecessary, 
but it is the most usual trouble with chases for risers. Formerly architects 
and builders paid little attention to the requirements for chases for electrical 
work; but in these later days of 2-inch and 2i-inch conduit, they realize that 
these pipes are not so invisible and mysterious as the force they serve to dis- 
tribute, particularly when twenty or more such conduits must be stowed away 
in a building where no special provision has been made for them. 

2. If possible, the space should be devoted solely to electric wiring. 
Steam pipes are objectionable on account of their temperature; and these and 
all other pipes are objectionable in the same space occupied by the electrical 
conduits, for if the space proves too small, the electric conduits are the first to 
be crowded out. 

The chase, if possible, should be continuous from the cellar to the roof, 
or as far as needed. This is necessary in order to avoid unnecessary bends or 
elbows, which are objectionable for many reasons. 

In similar manner, the location of cut-out cabinets or distributing 

centers should fulfil the following requirements: 

1. They should be accessible at all times. 

2. They should be placed sufficiently close together to prevent the cir- 
cuits from being too long. 

3. Do not place them in too prominent a position, as that is objectionable 
from the Architect's point of view. 

4. They should be placed as near as possible to the rising chases, in 
order to shorten the feeders and mains supplying them. 

Having determined the system and method of wiring, the location 
of outlets and distributing centers, the next step is to lay out the branch 
circuits supplying the various outlets. 

Before starting to lay out the branch circuits, a drawing showing 
the floor construction, and showing the space between the top of the 
beams and girders and the flooring, should l)e obtained from the Archi- 
tect. In f -^proof buildings of iron or steel construction, it is almost 
the invariable practice, where the work is to be concealed, to run the 
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conduits over the beams, under the rough flooring, carrying them 
between the sleepers when running parallel to the sleepers, and notch- 
ing the latter when the conduits run across them (see Fig. 31). In 
wooden frame buildings, the conduits run parallel to the beams and 
to the furring (see Fig. 32); they are also sometimes run below the 
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Pig. 31. Running Conductors Concealed under Floor In Fireproof Building. 

beams. In the latter case the beams have to be notched, and this is 
allowable only in certain places, usually near the points where the 
beams are supportetl. The Architect's drawing is therefore necessary 
in onler that the location and course of the conduits may be indicated 
on the plans. 

The first consideration In laying out the branch circuit is the 
number of outlets and number of lights to be wired on any one branch 
circuit. The Rules of the National Electric Code (Rule 21-D) recjuire 
that "no set of incandescent lamps requiring more than 660 watts, 
whether grouped on one fixture or on several fixtures or pendants, 
will be dependent on one cut-out." While it would be possible to 
have branch circuits supplying more than 660 watts, by placing various 
cut-outs at different points along the route of the branch circuit, so 
as to subdivide it into small sections to comply with the rule, this 
method is not recommended, except in certain cases, for exposed wiring 
in factories or mills. As a rule, the proper method is to have the 
cut-outs located at the center of distribution, and to limit each branch 
circuit to 660 watts, which corresponds to twelve or thirteen 50-watt 
lamps, twelve being the usual limit. Attention is called to the fact 
that the inspectors usually allow 50 watts for each socket connected 
to a branch circuit; and although 8-candle-power lamps may be 
placed at some of the outlets, the inspectors hold that the standard 
lamp is approximately 50 watts, and for that reason th'^"^ is always 
the likelihood of a lamp of th^t capacity being used, and their mspec- 
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tion is based on that assumption. Therefore, to comply with the 
requirements, an allowance of not more than twelve lamps per branch 
circuit should be made. 

In ordinary practice, however, it is best to reduce this number 
still further, so as to make allowance for future extensions or to increase 
the number of lamps that may be placed at any outlet. For this 
reason, it is wise to keep the number of the outlets on a circuit at the 
lowest point consistent with economical wiring. It has been proven 
by actual practice, that the best results are obtained by limiting the 
number to five or six outlets on a branch circuit. Of course, where 
all the outlets have a single light each, it is frequently necessary, for 
reasons of economy, to increase this number to eight, ten, and, in 
some cases, twelve outlets. 

We have already referred to the location of the wires or conduits. 
This question is generally settled by the peculiarities of the construc- 
tion of the building. It is necessary to know this, however, lx?fore 
laying out the circuit work, as it frequently determines the course of 
a circuit. 

Now, as to the course of the circuit work, little need l)e siiid, 
as it is largely influenced by the relative position of the outlets, cut- 
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Fig. 32. Running Conductors Concealed under Floor in Wooden Frame Building. 

outs, switches, etc. Between the cut-out box and the first outlet, and 
between the outlets, it will have to be decided, however, whether 
the circuits shall run at right angles to the walls of the building or 
nwm, or whether they shall run direct from one point to another, 
irresj)ective of the angle they make to the sleepers or beams. Of 
course, in the former case, the advantages are that the cost is some- 
what less and the number of elbows and bends is reduced. If the 
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tubes are bent, however, instead of using elbows, the difference in 
cost is usually very slight, and probably does not compensate for the 
disadvantages that would result from running the tubes diagonally. 
As to the number of bends, if branch circuit work is properly laid 
out and installed, and a proper size of tube used, it rarely happens 
that there is any difference in **pulling" the branch circuit wires. 
It may happen, in the event of a very long run or one having a large 
number of bends, that it might be advisable to adopt a short and 
most direct route. 

Up to this time, the location of the distribution centers has been 
made solely with reference to architectural considerations; but they 
must now be considered in conjunction with the branch circuit work. 

It frequently happens that, after running the branch circuits 
on the plans, we find, in certain cases, that the position of centers of 
distribution may be changed to advantage, or sometimes certain 
groups may be dispensed with entirely and the circuits run to other 
points. We now see the wisdom of ascertaining from the Architect 
where cut-out groups may be located, rather than selecting particular 
points for their location. 

As a rule, wherever possible, it is wise to limit the length of each 
branch circuit to 100 feet; and the number and location of the dis- 
tributing centers should be determined accordingly. 

It may be found that it is sometimes necessary and even desirable 
to increase the limit of length. One instance of this may be found in 
hall or corridor lights in large buildings. It is generally desirable, 
in such cases, to control the hall lights from one point; and, as the 
number of lights at each outlet is generally small, it would not be 
economical to run mains for sub-centers of distribution. Hence, 
in instances of this character, the length of runs will frequently exceed 
the limit named. In the great majority of cases, however, the best 
results are obtained by limiting the runs to 90 or 100 feet. 

There are several good reasons for placing such a limit on the 
length of a branch circuit. To begin with, assuming that we are going 
to place a limit on the loss in voltage (drop) from the switchboard to 
the lamp, it may be easily proven that up to a certain reasonable 
limit it is more economical to have a larger number of distributing 
centers and shorter branch circuit.^ than to have fewer centers and 
longer circuits. It is usual, in the better class of work, to limit the 
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loss in voltage in any branch circuit to approximately one volt. As- 
suming this limit (one volt loss), it can readily be calculated that the 
number of lights at one outlet which may be connected on a brancih 
circuit 100 feet long (using No. 14 B. & S. wire), is four; or in the 
case of outlets having a single light each, five outlets may be con- 
nected on the circuity the first being 60 feet from the cut-out, the others 
being 10 feet apart. 

These examples are selected simply to show that if the branch 
circuits are much longer than 100 feet, the loss must be increased 
to more than one volt, or else the number of lights that may be con- 
nected to one circuit must be reduced to a very small quantity, pro- 
vided, of course, the size of the wire remains the same. 

Either of these alternatives is objectionable — the first, on the 
score of regulation; and the second, from an economical standpoint. 
If, for instance, the loss in a branch circuit with all the lights turned 
on is four volts (assuming an extreme case), the voltage at which a 
lamp on that circuit bums will vary from four volts, depending on the 
number of lights burning at a time. This, of course, will cause the 
lamp to bum below candle-power when all the lamps are turned on, 
or else to diminish its life by buming above the proper voltage when 
it is the only lamp buming on the circuit. Then, too, if the drop in 
the branch circuits is increased, the sizes of the feeders and the mains 
must be correspondingly increased (if the total loss remains the same), 
thereby increasing their cost. 

If the number of lights on the circuit is decreased, we do not use 
to good advantage the available carrying capacity of the wire. 

Of course, one solution of the problem would be to increase the 
size of the wire for the branch circuits, thus reducing the drop. This, 
however, would not be desirable, except in certain cases where there 
were a few long circuits, such as for corridor lights or other special 
jontrol circuits. In such instances as these, it would be better to 
increase the sizes of the branch circuit to No. 12 or even No. 10 
B. & S. Gauge conductors, than to increase the number of centers 
of distribution for the sake of a few circuits only, in order to reduce 
the number of lamps (or loss) within the limit. 

The method of calculating the loss in conductors has l)een given 
elsewhere; but it must be borne in mind, in calculating the loss of a 
branch circuit supplying more than one outlet, that separate calcu- 
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lations must be made for each portion of the circuit. That is, a 
calculation must be made for the loss to the first outlet, the length in 
this case being the distance from the center of distribution to the first 
outlet, and the load being the total number of lamps supplied by the 
circuit. The next step would be to obtain the loss between the first 
and second outlet, the length being the distance between the two out- 
lets, and the load, in this case, being the total number of lamps sup- 
plied by the circuit, minus the number supplied by the first outlet; 
and so on. The loss for the total circuit would be the sum of these 
losses for the various portions of the circuit. 

Feeders and Mains. If the building is more than one story, an 
elevation should be made showing the height and number of stories. 
On this elevation, the various distributing centers should be shown 
diagrammatically; and the current in amperes supplied through 
each center of distribution, should be indicated at each center. The 
next step is to lay out a tentative system of feeders and mains, and to • 
ascertain the load in amperes supplied by each feeder and main. 
The estimated length oreach feeder and main should then be deter- 
mineil, and calculation made for the loss from the switchboanl to 
each center of distribution. It may be found that in some cases it 
will be necessary to change the arrangement of feeders or mains, or 
even the centers of distribution, in order to keep the total loss from the 
switchboard to the lamps within the limits previously determined. 
As a matter of fact, in important work, it is always best to lay out the 
entire work tentatively in a more or less crude fashion, according to 
the **cut and dried'* method, in order to obtain the best results, because 
the entire layout may be modified after the first preliminary layout 
has been made. Of course, as one becomes more experienced and 
skilleil in these matters, the final layout is often almost identical witli 
the first preliminary arrangement. 

TESTING 

Where possible, two tests of the electric wiring equipment should 
be matle, one after the wiring itself is entirely completed, and switches, 
cut-out panels, etc., are connected; and the second one after the 
fixtures have all l)eeii iiistidled. The reason for this is that if a ground 
or short circuit is discovered l)efore the fixtures are installed, it is 
more easily remedied ; and secondly, because there is no division of 
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the responsibility, as there might be if the first test were made only 
after the fixtures were installed. If the test shows no grounds or 
short circuits before the fixtures are installed, and one does develop 
after they are installed, the trouble, of course, is that the short circuit 
or ground is one or more of the fixtures. As a matter of fact, it is a 
wise plan always to make a separate test of each fixture after it is 
delivered at the building and before it is installed. 

While a magneto is largely used for the purpose of testing, it is 
at best a crude and unreliable method. In the first place, it does 
not give an indication, even approximately, of the total insulation 
resistance, but merely indicates whether there is a ground or short 
circuit, or not. In some instances, moreover, a magneto test has 
led to serious errors, for reasons that will be explained. If, as is 
nearly always the case, the magneto is an alternating-current instru- 
ment, it may sometimes happen — particularly in long cables, and 
especially where there is a lead sheathing on the cable — that the 
magneto will ring, indicating to the uninitiated that there is a ground 
or short circuit on the cable. This may be, and usually is, far from 
being the case; and the cause of the ringing of the magneto is not a 
ground or short circuit, but is due to the capacity of the cable, which 
acts as a condenser under certain conditions, since the magneto produc- 
ing an alternating current repeatedly charges and discharges the cable 
in opposite directions, this changing of the current causing the magneto 
to ring. Of course, this defect in a magneto could be remedied by 
using a commutator and changing it to a direct-current machine; 
but as the method is faulty in itself, it is hardly worth while to do this. 

A portable galvanometer with a resistance box and Wheatstone 
bridge, is sometimes employed; but this method is objectionable 
because it requires a special instrument which cannot be used for 
many other purposes. Furthermore, it requires more skill and time 
to use than the voUmeier method, which will now be described. 

The advantage of the voltmeter method is that it requires merely 
a direct-current voltmeter, which can be used for many other purposes, 
and which all engineers or contractors should possess, together with 
a box of cells having a potential of preferably over 30 volts. The volt- 
meter should have a scale of not over 150 volts, for the reason that if 
the scale on which the battery is used covers too wide a range (say 
1,000 volts) the readings might be so small as to make the test inac- 



327 Digitized by 



Google 



38 ELECTRIC WIRING 

curate. A good arrangement would l)e to have a voltmeter having 
two scales — say, one of 60 and one of 600 — which would make the 
voltmeter available for all practical potentials that are likely to be 
used inside of a building. If desired, a voltmeter could be obtained 
with three connections having three scales, the lowest scale of which 
would be used for testing insulation resistances. 

Before starting a test, all of the fuses should be inserted and 
switches turned on, so that the complete test of the entire installation 
can be made. When this has been done, the voltmeter and battery 
should be connected, so as to obtain on the lowest scale of the volt- 
meter the electromotive force of the entire group of cells. This 
connection is shown in Fig. 33. Immediately after ttiis has been done, 

the insulation resistance to be tested 
is placed in circuit, whether the 
insulation to be tested is a switch- 
board, slate panel-board, or the 
entire wiring installation; .and the 
connections are made as shown in 
Fig. 34. A reading should then 
again be taken of the voltmeter; 
and the leakage is in proportion 

Pig. 83. connectioBs of Voltmeter and ^^ *e difference between tlie first 
Batteryfoi^TesUngmsuiation ^ud sccond readings of the volt- 

meter. The explanation given below 
will show how this resistance may' be calculated: It is evident that 
the resistance in the first case was merely the resistance of the volt- 
meter and the internal resistance of the battery. As a rub, the internal 
resistance of the battery is so small in companson with the resistance 
of the voltmeter and the external resistance, that it may be entirely 
neglected, and this will be done in the following calculation. In the 
second case, however, the total resistance in circuits is the resistance 
of the voltmeter and the battery, plus the entire insulation resistance 
on all the wires, etc., connected in circuit. 

To put this in mathematical form, the voltage of the cells may 
be indicated by the letter E; and the reading of the voltmeter when 
the insulation resistance is connected by the circuit, by the letter E\ 
Let R represent the resistance of the voltmeter and iJ, represent the 
insulation resistance of the installation which we wish to measure. 
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It is a fact which the reader undoubtedly knows, that the E. M. F. as 
indicated by the voltmeter in Fig. 34 is inversely proportional to the 
resistance: that is, the greater the resistance, the lower will be the 
reading on the voltmeter, as this reading indicates the leakage or cur- 
rent passing through the resistance. Putting this in the shape of a 
formula, we have from the theory of proportion : 

E :E' ::R + Rx ili; 
or, 

Transposing, 

and 



K R + W Rx^ER, 
E' Rx^ER-E' R-R (.E-E'), 
_ R(E-E') 

*^X — rv * 




5+ Bus 



5-Bua 

IXLStQation Resistance Placed in Circuit, Ready for 
Testing. 



Or, expressed in words, the insulation resistance is equal to the resist- 
ance of the volt- 
meter multiplied by 
the difference be- 
tween the first read- 
ing (or the voltage 
in the cells) and 
the second reading 
(or the reading of 
the voltmeter with 
the insulation re- 
sistance in series with the voltmeter), divided by this last reading of 
the voltmeter. 

Example. Assume a resistance of a voltmeter {R) of 20,000 ohms, 
and a voltage of the cells (E) of 30 volts; and suppose that the insula- 
tion resistance test of a wiring installation, including switchboard, 
feeders, branch circuits, panel-boards, etc., is to be made, the insula- 
tion resistance being represented by the letter il, . By substituting 

in the formula 

P R(E- E-) 
Rx -^r — I 

and assuming that the reading of the voltmeter with the insulation 

resistance connected is 5, we have: 

R _^i0002<(30-5L_ioo,ooOohm8. 

If the test shows an excessive amount of leakage, or a ground or 
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short circuit, the location of the trouble may be determined by the 

process of elimination — that is, by cutting out the various feeders 

until the ground or leakage disappears, and, when the feeder on which 

the trouble exists has been located, by following the same process 

with the branch circuits. 

Of course, the larger the installation and the longer and more 

numerous the circuits, the greater the leakage will be; and the lower 

will be the insulation resistance, as there is a greater surface exposed 

for leakage. The Rules of the Naiiqgnal Electric Code give a sliding 

scale for the requirements as to insulation resistance, depending upon 

the amount of current carried by the various feeders, branch circuits, 

etc. The rule of the National Electric Code (No. 66) covering this 

point, is as follows: 

"The wiring in any building must test free from grounds; t. c, the com- 
plete installation must have an insulation between conductors and between 
all conductors and the ground (not including attaclunents, sockets, recepta- 
cicH, etc.) not less than that given in the following table: 

Up to 5 amperes 4,000,000 ohms 

10 " 2,000,000 " 

25 " 800,000 " 

50 " 400,000 " 

" 100 " 200,000 " 

200 " 100,000 " 

400 " 50,000 " 

*' 800 " 25,000 " 

" 1,600 " 12,500 " 

"The test must be made with all cut-outs and safety devices in place. If 
the lamp sockets, receptacles, electroliers, etc., are also connected, only one- 
half of the resistances specified in the table will be required." 

ALTERNATING-CURRENT CIRCUITS 

It is not within the province of this chapter to treat the various 
alternating-current phenomena, but simply to outline the modifications 
which should be made in designing and calculating electric light 
wiring, in order to make proper allowance for these phenomena. 

The most marked difference between alternating and direct cur- 
rent, so far as wiring is concerned, is the effect produced by self- 
induction, which is characteristic of all alternating-current circuits. 
This self-induction varies greatly with conditions depending upon 
the arrangement of the circuit, the medium surrounding the circuit, 
the devices or apparatus supplied by or connected in the circuit, etc. 
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For example, if a coil having a resistance of 100 ohms is included in 
the circuit, a current of one ampere can be passed through the coil 
with an electric pressure of 100 volts, if direct current is used ; while 
it might require a potential of several hundred volts to pass a current 
of one ampere if alternating-current were used, depending upon the 
number of turns in the coil, whether it is wound on iron or some other 
non-magnetic material, etc. 

It will be seen from this example, that greater allowance should 
be made for self-induction in laying out and calculating alternating- 
current wiring, if the conditions are such that the self-induction will 
be appreciable. 

On account of self-induction, the two wires of an alternating- 
current circuit must never be installed in separate iron or steel con- 
duits, for the reason that such a circuit would be virtually a choke coil 
consisting of a single turn of wire wound on an iron core, and the self- 
induction would not only reduce the current passing through th(B cir- 
cuit, but also might produce heating of the iron pipe. It is for this 
reason that the National Electric Code requires conductors constitut- 
ing a given circuit to be placed in the same conduit, if that conduit 
is iron or steel, whenever the said circuit is intended to cariy, or is 
liable to carry at some future time, an dtemating current. This does 
not mean, in the case of a two-phase circuit, that all four conductors 
need be placed in the same conduit, but that the two conductors of a 
given phase must be placed in the same conduit. If, however, the 
three-wire system be used for a two-phase system, all three conductors 
should be placed in the same conduit, as should also be the case in a 
three-wire three-phase system. Of course, in a single-phase two- or 
three-wire system, the conductors should all be placed in the same 
conduit. 

In calculating circuits carrying alternating current, no allowance 
usually should be made for self-induction when the conductors of the 
same circuit are placed clovse together in an iron comhiit. Wlien, 
however, the conductors are run exposed, or are separated from each 
other, calculation should be made to determine if the effects of self- 
induction are great enough to cause an appreciable inductive drop. 
There are several methods of calculating this drop due to self-induc- 
tion — one by formula, and one by a mathematical method which will 
be described. 
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Skin Effect. Skin effect in alternating-current circuits is caused 
by an incorrect distribution of the current in the wire, the current 
tending to flow through the outer portion of the wire, it being a well- 
known fact that in alternating currents, the current density decreases 
toward the center of the conductor, and that in large wires, the current 
density at the center of the conductor is relatively quite small. 

The skin effect increases in proportion to the square of the diam- 
eter, and also in direct ratio to the frequency of the alternating current. 

For conductors of No. 0000 B. & S. Gauge, and smaller, and for 
frequencies of 60 cycles per second, or less, the skin effect is negligible 
and is less than one-half of one per cent. 

For very large cables and for frequencies above 60 cycles per 
second, the skin effect may be appreciable; and in certain cases, allow- 
ance for it should be made in making the calculation. In onlinaiy 
practice, however, it may be neglected. Table IX, taken from Aher^ 
naiing-Current Wiring and Distribution, by W. R. Emmet, gives the 
(lata necessary for calculating the skin effect. The figures given in 
the first and third columns are obtained by multiplying the size of the 
conductor (in circular mils) by the frequency (number of cycles per 
second) ; and the figures in the second and fourth colunms show the 
factor to be used in multiplying the ohmic resistance, in order to 
obtain the combined resistance and skin effect. 



TABLE IX 
Data for Calculating Skin Effect 



Product op Circular 


Factor 


Product op Circular 


Factor 


Mils X Cycles per Sec. 


Mils X Cycles per Sec. 


10,000,000 


1.00 


70,000,000 


1.13 


20,000,000 


1.01 


80,000,000 


1.17 


30,000,000 


1.03 


90,000,000 


1.20 


40,000,000 


1.05 


100,000,000 


1.25 


50,000,000 


1.08 


125,000,000 


1.34 


60,000,000 


1.10 


150,000,000 


1,43 



The factors given in this table, muUiplied by the resistance to direct cur- 
rents, will give the resistance to alternating currents for copper conductors of 
circular cross-section. 

Mutual Induction. When two or more circuits are run in the 
sane vicinity, there is a possibility of one circuit inducing an electro- 
motive force in the conductors of an adjoining circuit. This effect 
may result in raising or lowering the E. M. F. in the circuit in which a 



332 



Digitized by 



Google 



ELECTRIC WIRING 43 

mutual induction takes place. The amount of this induced E. M. F. 
set up in one circuit by a parallel current, is dependent upon the cur- 
rent, the frequency, the lengths of the circuits running parallel to each 
other, and the relative positions of the conductors constituting the 
said circuits. 

Under ordinary conditions, and except for long circuits canying 
high potentials, the effect of mutual induction is so slight as to be 
negligible, unless the conductors are improperly arranged. In order 
to prevent mutual induction, the conductors constituting a given 
circuit should be grouped together. Figs. 35 to 39, inclusive, show 
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o 


o 


o 


• 


o 


o 


o 


• 


o 



o 



o 



Fig. 35. 



Fig. 36. 



Fig. 87. 



Fig."38. 



Fig. 89. 



f^OO Alt. 


.035 Volts, 


7,200 Alt. 


.016 Volts. 


lejQOO Alt. 
7200 Alt. 


.0(5 Volts. 

.ooesVolts. 


I^OO Alt. 
7200 Alt. 


.070 Volts. 
.032 Volts. 


16^000 AH. 
7200 Alt. 


.00 6 Volts. 
.0027Volts. 


I^OOO Alt. 
7fiOO Alt 


.112 Volts. 
.050 Volts, 



Various Groupings of Conductors in Two Two-Wire Circuits, Giving Various 
£frects of Induction. 

five arrangements of two two-wire circuits; and show how relatively 
small the effect of first induction is wheji the conductors are properly 
arranged, as in Fig. 38, and how relatively large it may be when im- 
properly arranged, as in Fig. 39. These diagrams are taken from 
a publication of Mr. Charles F. Scott, entitled Polyphase Trans- 
mission, issued by the Westinghouse Electric & Manufacturing 
Company. 

Line Capacity. The effect of capacity is usually negligible, 
except in long transmission lines where high potentials are used ; no 
calculations or allowance need be made for capacity, for ordinary 
circuits. 
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Calculation of Alternating-Current Circuits. In the instruction 
paper on 'Tower Stations and Transmission/' a method is given for 
calculating alternating-current lines by means of formulae, and data are 
given regarding power factor and the calculation of both single-phase 
and polyphase circuits. For short lines, secondary wiring, etc., how- 
ever, it is probably more convenient to use the chart method devised 
by Mr. Ralph D. Mershon, described in the American Electrician of 
June, 1897, and partially reproduced as follows: 

DROP IN ALTERNATINQ^URRENT LINES 

When alternating currents first came into use, when transmission 
distances were short and the only loads carried were lamps, the ques- 
tion of drop or loss of voltage in the transmitting line was a simple one, 
and the same methods as for direct current could without serious 
error be employed in dealing with it. The conditions existing in 
alternating practice to-day — longer distances, polyphase circuits, 
and loads made up partly or wholly of induction motors — ^render 
this question less simple; and direct-current methods applied to it 
do not lead to satisfactory results. Any treatment of this or of 
any engineering subject, if it is to benefit the majority of engineers, 
must not involve groping through long equations or complex diagrams 
in search of practical results. The results, if any, must be in avail- 
able and convenient form. In what follows, the endeavor has been 
made to so treat the subject of drop in alternating-current lines that 
if the reader be grounded in the theory the brief space devoted to 
it will suffice; but if he do not comprehend or care to follow the 
simple theory involved, he may nevertheless turn the results to his 
practical advantage. 

Calculation of Drop. Most of the matter heretofore published 
on the subject of drop treats only of the inter-relation of^e E. M. F.'s 
involved, and, so far as the writer knows, there have not appeared 
in convenient form the data necessary for accurately calculating this 
quantity. Table X (page, 47) and the chart (page 46) include, in a 
form suitable for the engineer's pocketbook, everything necessary 
for calculating the drop of alternating-current lin^s. 

The chart is simply an extension of the vector diagram (Kg. 40), 
giving the relations of the E. M. F.'s of line, load and generator. In 
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Fig. 40, E is the generator E. M. F.; e, the E. M. F. impressed upon 
the load; c, that component of E which overcomes the back E. M. F. 
due to the impedance of the line. The component c is made up of two 
components at right angles to each other. One is a, the component 
overcoming the IR or back E. M. F. due to resistance of the line. 
The other is b, the component overcommg the reactance E. M. F. or 
back E. M. F. due to the alternating fieki set up around the wire by 
the current in the wire. The drop is the difference between E and 
e. It is d, the radial distance between two circular arcs, one of which 
is drawn with a radius e, and the other with a radius E. 

The chart is made by striking a succession of circular arcs with 
as a center. v 

The radius of the 
smallest circle cor- 
responds to e, the 
E. M. F. of the 
load, which is taken 
as 100 per cent. 
The radii of the suc- 
ceeding circles in- 
crease by 1 per cent 
of that of the small- 
est circle; and, as 
the radius of tlie 
last or laigest cir- 
cle is 140 per cent 
of that of the smallest, the chart answers for drops up to 40 per cent of 
the E. M. F. delivered. 

The terms resistance volts, resistance E. M. F., reactance volts, 
and reactance E. M. F., refer, of .course, to the voltages for overcom- 
ing the back E, M. F.'s due to resistance, and reactance respectively. 
The figures given in the table under the heading "Resistance-Volts 
for One Ampere, etc." are simply the resistances of 2,000 feet of the 
various sizes of wire. The values given under the heading "React- 
ance-Volts, <»tc.9" are, a part of them, calculated from tables published 
some time ago by Messrs. Houston and Kennelly. The remainder 
were obtained by using Maxwell's formula. 

The explanation given in the table accompanying the chart 




a^--.</_-j 



Fig. 40. Vector Diagram. 
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Chart for Calculating Drop in Alternating-Current Lines. 
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TABLE X 
Data for Calculating Drop in Alternating-Current Lines 

To be used in conjonction with Chart on opposite i>age. 

By means of the table, calculate the Betittanes-Volts and the Seactance-Voltt in the 
line, and find what per cent each is of the £. M. F. delivered at the end of the line. 
Starting from the point on the chart where the vertical line corresponding with the 
power-factor of the load intersects the smallest circle, lay off in per cent the resistance 
£. M. F. horizontally and to the right; from the point thus obtained, lay off upward 
in per cent the reactance-B. M. F. The circle on which the last {mint falls gives the 
- — — " - -^' "-- Every tenth circle 



__op, __ ,._ 

arc is marked with the per cent drop *o which it corresponds. 
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Throughout the table the lower figures in the squares give 
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(0 


p3 


&iid 


J4" 


1" 


2" 


8^ 


0" 

.161 


9" 

.180 


12" 

.193 


18" 


24" 


80" 


30^ 


0000 


639 


.098 


.046 


.079 


.111 


^ 


.212 


.225 


.236 


.244 




3,870 


.618 


.»3 
.052 


.417 


.586 


.860 


.961 


l.OB 


1.12 


1.19 


1.24 


1.29 


000 


507 


.124 


.085 


.116 


.136 


.167 


.ia5 


.199 


.217 


.230 


.241 


.249 




2.677 
402 


.068 


.275 

.057 


.449 

.090 


.018 

.121 


.718 

.140 


.882 


.977 


1.06 


1.15 


1.22 


1.37 


1.82 


00 


.156 


.172 


.190 


.204 


.222 


.236 


.246 


.254 




2.123 


.824 


.301 
.063 


.475 


.039- 


.789 


.906 


1.00 


1.06 


1.17 
.228 


1.25 

.241 


1.80 


1.84 





319 


.197 


.095 


.127 


.146 


.177 


.196 


.209 


.261 


.259 




1,086 


1.04 


.332 

.068 


.602 
.101 


.071 

.132 


.700 

.161 


.986 

.las 


1.04 


1.10 


1.20 


1.27 

.246 


1.88 
.266 


1.87 


1 


253 


.248 


.201 


.214 


.233 


.265 




1.385 

_ 

201 


1.31 


.869 


.588 


.087 


.797 


.900 


1.00 


1.18 


1.23 
.238 


1.80 
.252 


1.85 

.262 


1.40 


2 


.313 


.074 


.106 


.138 


.156 


.188 


.206 


.220 


.270 




1.060 


1.66 


.391 
.079 


.600 

.112 


.728 

.143 


.162 


.998 


1.09 


1.10 


1.20 


1.38 


1.88 


1.48 


3 


159 


.394 


.193 


.212 


.225 


.244 


.257 


.267 


.275 




wo 


2.06 


.417 

.085 


.591 

.117 


.756 

.149 


.860 
.167 


1.02 

.199 


1.13 1.19 


1.29 


1.80 
.262 


1.41 


1.45 


4 


126 


.497 


.217 


.230 


.249 


.272 


.281 




060 


2.68 


.449 

.090 


.018 


.787 


.883 


1.05 


1.15 


1.22 


1.82 

.254 


1.88 
.268 


1.44 


1.48 


6 


100 


.627 


.121 


.154 


.172 


.204 


.223 


.236 


.278 


.286 




588 


8.81 


.475 


.039 


.^3 


.906 


1.08 


1.18 


1.25 


1.84 

.260 


1.42 


1.47 


1.51 


6 


79 


.791 


,095 


.127 


.158 


.178 


.209 


.228 


.241 


.272 


.283 


.291 




419 


4.18 


.602 


.071 


.884 


.040 


1.10 


1.20 


1.27 


1.87 


1.44 


1.49 


1.54 


7 


63 


.997 


.101 


.132 


.164 


.ia3 


.214 


.233 


.246 


.265 


.278 


.288 


.296 




833 


6.37 


.633 


.097 


.800 

.169 


.900 

.188 


1.13 
.220 


1.23 


1.80 


1.40 


1.^7 

.284 


1.52 

.293 


1.56 


8 


60 


1.260 


.10(}!.138 


.238 


.252 


.270 


.302 




203 


6.01 


.600 1 .729 


.893 


.998 


1.10 


1.36 


1 88 


1.43 


1.60 


1.55 


1.00 
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(Table X) is thought to be a sufficient guide to its use, but a few 

examples may be of value. 

Problem, Power to be delivered, 250 K.W.; E. M. F. to be delivered, 
2,000 volts; distance of transmission, 10,000 feet; size of wire, No. 0; distance* 
between wires, 18 inches; power factor of load, .8; frequency, 7,200 altema* 
tions per minute. Find the line loss and drop. 

Remembering that the power factor is that fraction by which 

the apparent power of volt-amperes must be multiplied to give the 

true power, the apparent power to be delivered is 

^^^^'^^' =312.5 apparent K.W. 

The current, therefore, iit 2,000 volts will be 
312,r)00 ,_ „ 
-2.000 ^'^^'^""'P""^" 
From the table of reactances under the heading *'18 inches," and 
corresponding to No. wire, is obtauied the constant .228. Bearing 
the instructions of the table in mind, the reactance-volts of this Une 
are, 150.25 (amperes) X 10 (thousands of feet) X .228=356.3 volts, 
which is 17.8 per cent of the 2,000 volts to be delivered. 

From the c»olumn headed "Resistance-Volts" and corresponding 
to No. wire, is obtainetl the constant . 197. The resistance-volts 
of the line are, therefore, 156.25 (amperes) X 10 (thousands of feet) 
X .107=307.8 volts, which is 15.4 per cent of the 2,000 volts to be 
delivered. 

Starting, in acconlance with the instructions of the table, from 
the i)oint where the vertical line (which at the bottom of the chart 
is marked **Ix)ad Power Factor" .8) intersects tlie inner or smallest 
circle, lay off horizontally and to the right the resistance-E. M. F. ik 
jxT cent (15.4); and from the point thus obtained, lay off vertically the 
rcactance-E. M. F. in per cent (17.8). The last point falls at about 
23 per cent, as given by the circular arcs. This, then, is the drop, in 
per cent, of the E. M. F. delivered. The drop, in per cent, of the genera" 
tor E. M. F. is, of course, 

23 
• — - - =18.7 per cent. 
100+23 ^ 

The percentage loss of pov:cr in the line has not, as with direct 
current, the same value as the percentage drop. This is due to the 
fact that the line has reactance, and also that the apparent power 
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delivered to the load is not identical with the true power — that is, 
the load power factor is less than unity. The loss must be obtained 
by calculating P R for the line, or, what amounts to the same thing, 
by multiplying the resistance-volts by the current. 

The resistance-volts in this case are 307.8, and the current 
166 . 25 amperes. The loss ia 307 . 8 X 156 . 25 = 48 . 1 K. W. The 
percentage loss is 

48.1 ,a, 

260+10 " '^'' ^' '''''' 
Therefore, for the problem taken, the drop is 18.7 per cent, and the 
loss is 16 . 1 per cent. If the problem be to find the size wire for a given 
drop, it must be solved by trial. Assume a size of wire and calculate 
the drop ; the result in connection with the table will show the direction 
and extent of the change necessary in the size of wire to give the 
retjuired drop. 

The effect of the line reactance in increasing the drop should be 
noted. If there were no reactance, the drop in the above example 
would be given by the point obtained in laying off on the chart the 
resistance-E. M. F. (15.4) only. This point falls at 12.4 i>er cent, 
and the drop in terms of the generator E. M. F. would be 

12 4 

- ^ ' = 11 i)er cent, instead c^f IS . 7 per cent. 
112.4 

Anything therefore which will reduce reactance is desirable. 

Reactance can be retluced in two ways. One of these is to 
diminish the distance between wires. The extent to which tliis can 
be carried is limited, in the case of a pole line, to the least distance at 
which the wires are safe from swinging together in the middle of the 
span; in inside wiring, by the danger from fire. The other way of 
reducing reactance is to split the copper up into a greater number of 
circuits, and arrange these circuits so that there is no inductive hiter- 
action. For instance, suppose that in the example worked out above, 
two No. 3 wires were used instead of one No. wire. The resistance- 
volts would be practically the same, but the reactance-volts would be 

244 
less in the ratio i X ~r^ = . 535, since each circuit would bear half the 

current the No. circuit does, and the constant for No. 3 wire i? . 244, 
instead of . 228 — that for No. 0. The effect of subdividing the copper 
is also shown if in the example given it is desired to reduce the drop 
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to, say, one-half. Increasing the copper from No. to No. 0000 will 
not produce the required result, for, although the lesistance-volts will 
be reduced one-half, the reactance-volts will be reduced only in the 
ratio . 212^ If, however, two inductively independent circuits of No. 

.228* 
wire be used, the resistance- and reactance-volts will both be reduced 
one-half, and the drop will therefore be diminished the required 
amount. 

The component of drop due to reactance is best diminished by svb^ 
dividing the copper or by bringing the conductors closer together. It 
is little affected by change in size of conductors. 

An idea of the manner in which changes of power factor affect 
drop is best gotten by an example. Assume distance of transmission, 
distance between conductors E. M. F., and frequency, the same as in 
the previous example. Assume the apparent power delivered the 
iiame as before, and let it be constant, but let the power factorbe given 
several different values; the true power will therefore be a variable 
depending upon the value of the power factor. Let the size of wire 
be No. 0000. As the apptirent power, and hence the current, is the 
same us before, and the line resistance is one-half, the resistance- 
^E. M. F. will in this case be 

-^— , or 7 . 7 per cent of the E. M. F. delivered. 

Also, the reactance-E. M. F. will be 

.212X17.8 ,. . 
—228 =16.5percent. 

Combining these on the chart for a power factor of .4, and deducing 
the drop, in per cent, of the generator E. M. F., the value obtained is 
15.3 per cent; with a power factor of .8, the drop is 14 per cent; 
with a power factor of unity, it is 8 per cenl. If in this example the 
true power, instead of the apparent power, had been taken as constant, 
it is evident that the values of drop would have iiiffered more widely, 
since the current, and hence the resistance- and reactance-volts, 
would have increased as the power factor diminished. The condition 
taken more nearly represents that of practice. 

If the line had resistance and no reactance, the several values 
of drop, instead of 15.3, 14, and 8, would be 3.2, 5.7, and 7.2 per 
cent respectively, showing that for a load of lamps the drop will not 
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be much increased by reactance; but that with a load, such as induc- 
tion motors, whose power factor is less than unity, care should be 
taken to keep the reactance as low as practicable. In all cases it is 
advisable to place conductors as close together as good practice will 
permit. 

When there is a transformer in circuit, and it is desired to obtain 
the combined drop of transformer and line, it is necessary to know 
the resistance- and reactance-volts of the transformer. The resist- 
ance-volts of the combination of line and transformer are the sum of 
the resistance-volts of the line and the resistance-volts of the trans- 
former. Similarly, the reactance-volts of the line and transformer 
are the sum of their respective reactance-volts. The resistance- and 
reactance-E. M. F.s of transformers may usually be obtained from 
the makers, and are ordinarily given in per cent.* These per- 
centages express the values of the resistance- and reactance-E. M. F.'s 
when the transformer delivers its normal full-load current; and they 
express these values in terms of the normal no-load E. M. F. of the 
transformer. 

Consider a transformer built for transformation between 1,000 
and 100 volts. Suppose the resistance- and reactance-E. M. F.'s given 
are 2 per cent and 7 per cent respectively. Then the corresponding 
voltages when the transformer delivers full-load current, are 2 and 7 
volts or 20 and 70 volts according as the line whose drop is required 
is connected to the low-voltage or high-voltage terminals. These 
values, 2 — 7 and 20 — 70, hold, no matter at what voltage the trans- 



*Wheii the required values cannot be obtained from the makers, they may be 
measured. Measure the resistance of both coils. If the line to be calculat-ed is attached 
to the lUKh-voltage termuials of the transformer, the equivalent resistance is that of tht 
high-voltage coil, plus the resistance obtained by increanng in the square of the ratio or 
transformation the measured resistance of the low-vpltage coil That is. if the ratio of 
transformation is 10. the equivalent resistance referred to the high- voltage circuit is 
the resistance of the liigh- voltage coil, plus 1 00 times that of the low-voltage coil. This 
e<iuivalent resistance multiplied by the high-voltage current gives the transformer 
resistance-volts referred to the high-voltage circuit. Similarly, the equivalent resist- 
ance referred to the low-voltage circuit is the resistance'of the low-voltage coil, plus that 
of the high- voltage coil reduced in the square of the ratio of transformation. It follows, 
of course, from this, that the values of the resistance- volta referred to the two circuits 
bear to each other the ratio of transformation. To obtain the reactance- volts, short- 
circuit one coil of the transformer and measure the voltage necessary to force through 
the other coil its normal current at normal frequency. The result is, nearly enough, 
the reactance- volt«. It makes no difference which coil is short-circuited, as the results 
obtained in one case will boar to those in the other the ratio of trfemsformation. If a 
close value is desired, subtract from the square of the voltage reading the square of the 
r«tMtonce-volt8. and take the square root of the difference as the reactance- volts. 
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fonner is operated, since they depend only upon the strength of cur- 
rent, providing it is of the normal frequency. If any other than the 
full-load current is drawn from the transformer, the reactance- and 
lesistance-volts will be such a proportion of the values given above 
as the current flowing is of the full-load current. It may be noted, in 
passing, that when the resistance- and reactance-volts of a trans^ 
former are known, its regulation may be determined by making use 
of the chart in the same way as for a line having resistance and 
reactance. 

As an illustration of the method of calculating the drop in a 
line and transformer, and also of the use of table and chart in calculat- 
ing low-voltage mains, the following example b given : 

Problem, A single^phase induction motor is to be supplied with 20 am- 
peres at 200 volts; alternations, 7,200 per minute; power factor, .78. The 
distance from transformer to motor is 150 feet, and the line is No. 5 wire, 
inches between centers of conductors. The transformer reduces in the ratio 

2 000 

— — , has a capacity of 25 amperes at 200 volts, and, when delivering this 

current and voltage, its reaiatance-E. M. F. is 2.5 per cent, its reactance- 
E. M. F. 5 per cent. Find the drop. 

The reactance of 1,000 feet of circuit consisting of two No. 5 
wires, 6 inches apart, is .204. The reactance-volts tlierefore are 

TV) 
.204 X ~^. X 20 = .61 volts. 

The resistance-volts are 

.627 X j^^ X 20 = 1.88 volts. 

At 25 amperes, the resistance-volts of the transformer are 2.5 per 

20 
cent of 200, or 5 volts. At 20 amperes, they are - - of tliis, or 4 volts. 

Similarly, the transformer reactance-volts at 25 amperes are 10, 
and at 20 amperes are 8 volts. The combined reactance-volts of 
transformer and line are 8 + .61 = 8.61, which is 4.3 per cent of 
the 200 volts to be delivered. The combined resistance-volts are 1 .88 
+4, or 5.88, which is 2.94 per cent of the E. M. F. to be delivered. 
Combining these quantities on the chart with a power factor of .78, 
the drop is 5 per cent of the delivered E. M. F., 

or = 4.8 percent 
lUo 

of the impressed E. M. F, The trensformer 'must be supplied with 
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^. 2,100 volU, 

in order that 200 volts shall be delivered to the motor. 

Table X (page 47) is made out -for 7,200 alternations, but will 
answer for any other number if the values for reactance be changed 
in direct proportion to the change in alternations. For instance, 

for 16,000 alternations, multiply the reactances given by -;~^- 

/ ,i5UU 

For other distances between centers of conductors, interpolate the 
values given in the table. As the reactance values for different sizes 
of wire change by a constant amount, the table can, if desired, be 
readily extended for larger or smaller conductors. 

The table is based on tfie assumption of sine currents and 
E. M. F.'s. The best practice of to-day produces machines which 
so closely approximate this condition that results obtained by the 
above methods ore well within the limits of practical requirements. 

Polyphase Circuits. So far, single-phase circuits only have 
been dealt with. A simple extension of the methods given above 
adapts them to the calculation of polyphase circuits. A four-wire 
quarter-phase (two-phase) transmission may, so far as loss and regula- 
tion are concerned, be replaced by two single-phase circuits identical 
(as to size of wire, distance between wires, current, and E. M. P.) 
with the two circuits of the quarter-phase transmission, provided that 
in both cases there is no inductive interaction between circuits. There- 
fore, to calculate a four-wire, quarter-phase transmission, compute 
the single-phase circuit required to transmit one-half the power at 
the same voltage. The quarter-phase transmission will require two 
such circuits. 

A three-wire, three-phase transmission, of which the conductors 
are symmetrically related, may, so far as loss and regulation are 
concerned, be replaced by two single-phase circuits having no in- 
ductive interaction, and identical with the three-phase line as to 
size, wire, and distrtnce l)etween wires. Therefore, to calculate a 
three-phase transmission, calculate a single-phase circuit to cany 
one-half the loa<l at the same voltage. The three-phase transmis- 
sion will require three wires of the size and distance between centers 
as obtained for the single-phase. 

A three-wire, quarter-phase transmission may be calculated 
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exactly as regards loss, and approximately as regards drop, in the 
same way as for three-phase. It is possible to exactly calculate 
the drop, but this involves a more complicated method than the 
approximate one. The error by this approximate method is gen- 
erally small. It is possible, also, to get a somewhat less drop and 
loss with the same copper by proportioning the cross-section of 
the middle and outside wires of a three-wire, quarter-phase circuit 
to the currents they carry, instead of using three wires of the same 
size. The advantage, of course, is not great, and it will not be con- 
sidered here. 

WIRING AN OFFICE BUILDING 

The building selected as a typical sample of a wiring installation 
is that of an office building located in Washington, D. C. The figures 
shown are reproductions of the plans actxially used in installing the 
work. 

The building consists of a basement and ten stories. It is of 
fireproof construction, having steel beams with terra-cotta flat arches. 
The main walls are of brick and the partition walls of terra-cotta 
blocks, finished with plaster. There is a space of approximately five 
inches between the top of the iron beams and the top of the finished 
floor, of which space about three inches was available for running 
the electric conduits. The flooring is of wood in the offices, but of 
concrete, mosaic, or tile in the basement, halls, toilet-rooms, 
etc. 

The electric current supply is derived from the mains of the local 
illuminating company, the mains being brought into the front of the 
building and extending to a switchboard located near the center of the 
basement. 

As the building is a very substantial fireproof structure, the only 
method of wiring considered was that in which the circuits would be 
installed in iron conduits. 

Electric Current ^Supply. The electric current supply is direct 
current, two-wire for power, and three-wire for lighting, having a 
potential of 236 volts between the outside conductors, and 118 volt& 
between the neutral and either outside conductor. 
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Switchboard. On the switchboard in the basement are mounted 
wattmeters, provided by the local electric company, and the various 
switches required for the control and operation of the lighting and 
power feeders. There are a total of ten triple-pole switches for light- 
ing, and eighteen for power. An indicating voltmeter and ampere 
meter are also placed hi the switchboard. A voltmeter is provided 
with a double-throw switch, and so arranged as to measure the poten- 
tial across the two outside conductors, or between the neutral con- 
ductor and either of the outside conductors. The ampere meter is 
arranged with two shunts, one being placed in each outside leg; the 
shunts are connected with a double-pole, double-throw switch, so 
that the ampere meter can be connected to either shunt and thus 
measure the current supplied on each side of the system. 

Character of Load. The building is occupied partly as a news- 
paper office, and there are several large presses in addition to the usual 
linotype machines, trimmers, shavers, cutters, saws, etc. There are 
also electrically-driven exhaust fans, house pumps, air-compressors, 
etc. The upper portion of the building is almost entirely devoted 
to offices rented to outside parties. The total number of motors 
supplied was 55; and the total number of outlets, 1,100, supplying 
2,400 incandescent lamps and 4 arc lamps. 

Feeders and Mains. The arrangement of the various feeders 
and mains, the cut-out centers, mains, etc., which they supply, are 
shown diagrammatically in Fig. 41, which also gives in schedule the 
sizes of feeders, mains, and motor circuits, and the data relating to the 
cut-out panels. 

Although the current supply was to be taken from an outside 
source, yet, inasmuch as there was a probability of a plant being in- 
stalled in the building itself at some future time, the three-wire system 
of feeders and mains was designed, with a neutral conductor equal 
to the combined capacity of the two outside conductors, so that 
120-volt two-wire generators could be utilized without any change in 
the feeders. 

Basement. The plan of the basement. Fig. 42, shows the branch 
circuit wiring for the outlets in the basement, and the location of the 
main switchboard. It also shows the trunk cables for the inter- 
connection system serving to provide the necessary wires for telephones. 
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Fig. 41. Wiring of an Office Building. Diagram Showing Arrangement of 
Feeders and Mains, Cut-Out Centers, etc. 
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SCHEDULE OF CI R CU ITS ' 




^' ^ ^„Tf *f *?^ £° ^"^® Bulldinsr. Basement Plan Showing Branch Circuit Wiring for 
Outlets in Basement, Location of Main Switchboard, and Trunk Cables of the ' 

Interconnection System Providing Wires for Telephone. 
Ticker, and Messenger Call Service, etc. 
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• 

tickers, messenger calls, etc., in all the rooms throughout the building, 
as will be described later. 

To avoid confusion, the feeders were not shown on the basement 
plan, but were descril^ in detail in the specification, and installed 
in accordance with directions issued at the time of installation. The 
electric current supply enters the building at the front, and a service 
switch and cut-out are placed on the front wall. From this point, a 
two-wire feeder for power and a three-wire feeder for lighting, are 
run to the main switchboard located near the center of the basement. 
Owing to the size of the conduits required for these supply feeders, as 
well as the main feeders extending to the upper floors of the building, 
the said conduits are run exposed on substantial hangers suspended 
from the basement ceiling. 

First Floor. The rear portion of the building from the basement 
through the first floor. Fig. 43, and including the mezzanine floor, 
between the first and second floors, at the rear portion of the building 
only, is utilized as a press room for several large and heavy, modem 
newspaper presses. The motors and controllers for these presses are 
located on the first floor. A separate feeder for each of these press 
motors is run directly from the main switchboard to the motor con- 
troller in each case. Empty conduits were provided, extending from 
the controllers to the motor in each case, intended for the various 
control wires installed by the contractor for the press equipments. 

One-half of the front portion of the first floor is utilized as a news- 
paper office; the remaining half, as a bank. 

Second Floor. The rear portion of the second floor. Fig. 44, b 
occupied as a composing and linot}^ room, and is illuminated chiefly 
by means of drop-cords from outlets located over the linotype machines 
and over the compositors' cases. Separate ^horse-power motors 
are provided for each linotype machine, the circuits for the same being 
run underneath the floor. 

Upper Floors. A t}'pical plan (Fig. 45) is shown of the upper 
floors, as they are similar in all respects with the exception of certain 
changes in partitions, which are not material for the purpose of illus- 
tration or for practical example. The circuit work is suflSciently 
intelligible from the plan to require no further explanation. 

Interconnection System. Fig. 46 is a diagram of the intercon- 
nection system, showing the main interconnection box located in the 
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SKCTCH SHOWSANO ROVJTE Or 

CMPTY CONOUIt'S mSlN9 TO CdN« 

TROULXR PLATFORM IN PRESS 

ROOM. 



NOTE: ALU CONDUlTft ROR THE PRESSES MOST COMC 

TMROOQM THE CONTROCL'CR PUATFORM 2l" TROM 
THE VWOJ.. 

ALL. CONDUITS ARC. TO TERMINATE IN PRESS Ai» 
OIRtCTEO. 



Fig. 43. Wiring of an Office Building. 

First-Floor Plan, Showing Press Room in Rear, Containing Motors and Controllers for 

NewsjMiper Presses, Fed Directly from Main Switchboard in Basement; 

also, In front, Newspaper Counting Room and Bank Offices. 
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Pig. 44. Wtrtng ot an Office Building. Plan of Second Floor. Rear Portion Occupied as 
a Composing and Linotype Room. 
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Fig. 45. Wiring of an Office Building. 

Typical Plan of Upper Floors, Showing Circuit Work. Schedule, etc. All the Floors above 

the Second are Similar to One Another in Plan, Differing Only in Comparatively 

Unimportant Details of Partitions. 
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Fig. 40. Wiring of an Ofllce Building. Diagram of tbe Interconnection System. 
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basement; adjoining this main box is located the terminal box of the 
local telephone company. A separate system of feeders is provided 
for the ticker system, as these conductors require somewhat heavier 
insulation, and it was thought inadvisable to place them in the same 
conduits with the telephone wires, owing to the higher potential of 
ticker circuits. A separate interconnection cable runs to each floor, 
for telephone and messenger call purposes; and a central box is placed 
near the rising point at each floor, from which run subsidiary cables 
to several points symmetrically located on the various floors. From 
these subsidiary boxes, wires can be run to the various offices requiring 
telephone or other service. Small pipes are provided to serve*as race- 
ways from office to office, so as to avoid cutting partitions. In this 
way, wires can be quickly provided for any office in the building with- 
out damaging the building in any way whatever; and, as provision is 
made for a special wooden moulding near the ceiling to accommodate 
these wires, they can be run around the room without disfiguring the 
walls. All the main cables and subsidiary wires are connected with 
special interconnection blocks numbered serially; and a schedule is 
provided in the main interconnection box in the basement, which 
enables any wire originating thereat, to be readily and conveniently 
traced throughout the building. All the main cables and subsidiary 
cables are run in iron conduits. 

OUTLET-BOXES, CUT-OUT PANELS, AND 
OTHER ACCESSORIES 

Outlet-Boxes. Before the introduction of iron conduits, outlet- 
boxes were considered unnecessary, and with a few exceptions were 
not used, the conduits being brought to the outlet and cut off after the 
walls and ceilings were plastered. With the introduction of iron con- 
duits, however, the necessity for outlet-boxes was realized; and the 
Rules of the Fire Underwriters were modified so as to require their use. 
The Rules of the National Electric Code now require outlet-boxes to 
be used with rigid iron and flexible steel conduits, and with armored 
cables. A portion of the rule requiring their use is as follows: 

All interior conduits and armored cables "must be equipped at every 
outlet with an approved outlet-box or plate. 

"Outlet-plates must not be used where it is practicable to install outlet- 
boxes. 
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"In buildings already constructed, where the conditions are such that 
neither outlet-box nor plate can be installed, these appliances may be omitted 
by special permission of the inspection department having jurisdiction, pro- 
viding the conduit ends are bushed and secured." 

Fig. 47 shows a typical fonn of outlet-box for bracket or ceiling 
outlets of the xmiversal type, ^^^len it is desired to make an opening 
for the comhiits, a blow from a hammer 
will remove any of the weakened portion 
of the wall of the outlet-box, as may be re- 
quired. This form of outlet-box is fre- 
quently referred to as the knock-oid type. 
Other forms of outlet-boxes are made with 
the openings cast in the box at the re- 
quired points, this class being usually 
stronger and better made than the univer- 
sal type. The advantages of the universal 
type of outlet-box are that one form of box will serve for any ordinary 
conditions, the openings being made according to the number of 
conduits and the directions in which they enter the box. 

Fig. 48 shows a waterproof form of outlet-box used out of doors, 
or in other places where the conditions require the use of a water- 
tight and waterproof outlet-box. 

It will be seen in this case, that the box is threaded for the con- 
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Fig. 48. Water-Tlght Outlet Box. 
Courtesy of H. KratUz Manvfacturing Co., Brooklyn^ N. 1 . 

duits, and that the cover is screwed on tightly and a flange provided 
for a rubber gasket. 
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Figs. 49 and 50 show water-tight floor boxes which are for outlets 
located in the floor. While the rules do not require that the floor outlet- 
box shall be water-tight, it is strongly recommended that a water- 
tight outlet be used in all cases for floor connections. In this case 
also, the conduit opening is threaded, as well as the stem cover through 
which the extension is made in the conduit to the desk or table. Wlien 
the floor outlet connection is not required, the stem cover may be 
removed and a flat, blank cover be used to replace the same. 

A form of outlet-box used for flexible steel cables and steel ar- 
mored cable, has already been shown (see Fig. 5). 

There is hardly any limit to the number and variety of makes of 
outlet-boxes on the market, adapted for ordinary and for special con- 





Fig. 49. 



Types of Floor Outlet-Boxes. 



Fig. 60. 



ditions; but the types illustrated in these pages are characteristic and 
typical forms. 

Bushings. The Rides of the National Electric Code require that 
conduits entering junction-boxes, outlet-boxes, or cut-out cabinets, 
shall be provided with approved bushings, fitted to protect the wire 
from abrasion. 

Fig. 51 shows a typical form of conduit bushing. This bushing 
is screwnl on the end of the conduit after the latter has been intro- 
duced into the outlet-box, cut-out cabinet, etc^, thereby forming an 
insulated orifice to protect the wire at the point where it leaves the 
conduits, and to prevent abrasion, grounds, short circuits, etc. A 
lock-nut (Fig. 52) is screwed on the threaded end of the conduit before 
the conduit is placed in the outlet-box or cut-out cabinet, and this 
lock-nut and bushing clamp the conduit securely in position. Fig. 
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Fig. 51. Conduit Bushing. 



53 shows a terminal bushing for panel-boxes used for flexible steel 
conduit or armored cable. 

The Rules of the National Electric Code require that the metal 
of conduits shall be permanently and effectually grounded, so as to 

4 insure a positive 
connection for 
grounds or leak- 
ing currents, and 
in order to pro- 
vide a path of 
least resistance 
to prevent the 
current from 
finding a path 

through any source which might cause a fire. At outlet-boxes, the 
conduits and gaspipes must be fastened in such a manner as to 
insure good electrical connection; and at centers of distribution, 
the conduits should be joined by suitable bond 
wires, preferably of copper, the said bond wires 
being connected to the metal structure of the 
building, t)r, in case of a building not having 
an iron or steel structure, being grounded in a 
permanent manner to water or gas piping. 
Fuse-Boxes, Cut-Out Panels, etc. From the very outset, the 
necessity was apparent of having a protective device in circuit with 
the conductor to protect it from overload, short circuits, etc. For 
this purpose, a fusible 
metal having a low 
melting point was em- 
ployed. The form of 
this fuse has varied 
greatly. Fig. 54 shows 
a characteristic form 
of what is known as 
the link juse with copper terminals, on which are stamped the ca- 
pacity of the fuse. 

The form of fuse used probably to a greater extent than any other, 
although it is now being superseded by other more modem forms, 




Fig. 63. Lock-Nut. 



Wf^ 




Fig. 68. Panel-Box Terminal Bushing. 
CourUty of 8prag\i€ Electric Co., New Tork^ N. 1. 
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IS that known as the Edison fuse^ug, shown in Fig. 55. A porcelain 
cviMnd block used with the Edison fuse is shown in Fig. 56. 

Within the last four or five years, a new form of fuse, known as 
the enclosed juse, has been introduced and used to a considerable 





Fig. 54. Copper-Tipped Fuse Link. 
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Fig. 56. Edlaon Fuse-Plug, 
Court4syof04HeralBUetrieCo.,Schm^&€tady,Ii. F. 



extent. A fuse of this type is shown in Fig. 57. Fig. 58 gives a sec- 
tional view of this fuse, showing the porous filling surrounding the 
fuse-strips, and also the device for indicating when the fuse has 
blown. This form of fuse is made with various kinds of terminals; 

^ it can be used with spring clips in small 

'ttl^^ [M ^^^w sizes, and with a post screw contact in 
'T^^JP^^K^^^kI larger sizes. For ordinary low potentials 
^^^^MmB^^B^^H this fuse is desirable for currents up to 
C^B^L I-^^^KJ ^^ amperes; but it is a debatable ques- 
tion whether it is desirable to use an en- 
closed fuse for heavier currents. Fig. 59 
shows a cutrcvt box with Edison plug 
fuse-blocks used with knob and tube wiring. It will be seen that 
there is no connection compartment in this fuse-box, as the circuits 
enter directly opposite the terminals with which they connect. 

Fig. 60 shows a cut-oiU panel adapted for enclosed fuses, and 
installed in a cab- /^ r 



Fig. 50. Porcelain Cut-Out Block. 

Courteiy ofOtneralEUctrieCo.^ 

Schenectady, N. Y. 
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Fig. 57. Enclosed or ''Cartridge** Fuse. 
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inet having a con- 
nection compart- 
ment. As will be 
•seen from the cut, 
the tablet itself is 
surrounded on the 
four sides by slate, 
which is secured in the comers by angle-irons. The outer box may 
be of wood lined with sheet iron, or it may be of iron. Fig. 61 
shows a door and trim for a cabinet of this type. It will be seen that 




Fig. 58. Section of Enclosed Fuse. 



357 



Digitized by 



Qoo^^ 



ELECTRIC WIRING 



the door opens only on the center panel, and that the trim covers and 
conceals the connection compartment. The inner side of the door 
should be lined with slate, and the inner side of the trim should be 
lined with sheet iron. Fig. 62 shows a sectional view of the cabinet 
and panel. In this type of cabinet, the conduits may enter at any 

point, the wires being 
nin to the proper con- 
nectors in the connection 
compartment. 

Figs. 63 and 64 illus- 
trate a type of panel- 
board and cabinet hav- 
ing a push-button switch 
connected with each 
branch circuit and so 
arranged that the cut- 
out panel itself may be 
enclosed by locked doors, 
and access to the switches 
may be obtained through 
two separate doors pro- 
vided with latches only. 
This type of panel was arranged and designed by the author of this 
instruction paper. 

OVERHEAD LINEWORK 

The advantages of overhead linework as compared with under- 
ground linework are that it is much less expensive; it is more readily 
and more quickly installed ; and it can be more readily inspected and 
repaired. 

Its principal disaxl vantages are that it is not so j)ernmnent as 
underground linework; it is more easily derangeil; and if is more 
unsightly. 

For large cities, and in congested districts, overhead linework 
should not be used. However, the question of first cost, the question 
of permanence, and the municipal regulations, are usually the factors 
which determine whether overhead or underground linework shall 
be used. 




Fig. 50. Porcelain Cut-Outs in Wooden Box. 
Courtttyof U. T, PaUte Co., Philadelphia, Pa. 
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The principal factors to be considered in overhead linework will 
be briefly outlined. 

Placing of Poles. As a general rule, the poles should be set from 
100 to 125 feet apart, which is equivalent to 53 to 42 poles per mile. 
Under certain conditions, these spacings given will have to be modified ; 
but if the poles are spaced too far apart, there is danger of too great 
a strain on the poles themselves, and on the cross-arms, pins, and 





Fig. flO. Plan' View, Cover, and 
Section of Double Cut-Out Box. 



Fig. 61. 




Fig. 02. 



conductors. If, on the other hand, 
they are placed too close together, 
the cost is unnecessarily increased. 
The size and number of conduct- 
ors, and the potential of the line- 
work, determine to a great extent 

the distance between the poles; the smaller the size, the less the num- 
ber of conductors; and the lower the potential, the greater the distance 
between the poles may be made. Of course, the exact location of 
the poles is subject to variation because of trees, buildings, or other 
obstructions. The usual method employed in locating poles, is first 
to make a map on a fairly large scale, showing the course of the line- 
work, and then to locate the poles on the ground according to the actual 
conditions. 
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Poles. Poles should be of selected quality of chestnut or cedar, 
and should be ^und and free from cracks, knots, or other flaws. 
Experience has proven that chestnut and cedar poles are the most 
durable and best fitted for linework. If neither chestnut nor cedar 
poles can be obtained, northern pine may be used, and even other 
timber in localities where these poles cannot be obtained; but it is 
found that the other woods do not last so long as those mentioned^ 




FlS.68. OatOnt Panel with Posh-Button Swltdhea. Oover Removed. 

and some of the other woods are not only less strong initially, but are 
apt to rot much quicker at the "wind and water line" — that is, just 
above and below the surface of the ground. 

The proper height of pole to be used depends upon conditions. 
In country and suburban districts, a pole of 25 to 30 feet is usually 
of sufficient height, unless there are more than two or three cross-arms 
required. In more densely populated districts and in cities where a 
great number of cross-arms are required, the poles may have to be 
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40 to 60 feet, or even longer. Of course, the longer the pole, the 
greater the possibility of its breaking or bending; and as the length 
increases, the diameter of the butt end of pole should also increase. 
Table X gives the average diameters required for various heights of 
poles, and the depth the poles should be placed in the ground. These 
data have been compiled from a number of standard specifications. 

TABLE X 
Pole DaU 





Diameter 6 In. 




Depth Pole should 


Length of Pole 


Diameter at Top 


BK Placed in 




PROM Butt 




Ground 


25 feet 


9 to 10 in. 


6 to 8 in. 


5 feet 


30 " 


11 " 




5J " 


35 '* 


12 " 




5J " 


40 " 


13 " 




6 " 


45 " 


14 " 




6i " 


60 " 


15 " 




7 " 


55 " 


16 to 17 " 




7i " 


60 " 


18 " 




7i " 


65 " 


19 " 




8 " 


70 " 


20 " 




8 " 


76 " 


21 " 




81 " 


80 " 


22 " 




9 " 



As It ia somewhat difficult, because of liregularitles in size, to measure the diame- 
ter of some poles, the circumference may be measured instead: then, by multiplying 
the diameters given in the above table, by 3.1416. the measurements may be reduced 
to the cirdunference in inches. 

The minimum diameters of the pole at the top, which should be 
allowed, will depend largely on the size of the conductors used, and 
on the potential carried by the circuits; the larger the conductors 
and the higher the potentials, the greater should he the diameter at 
the top of the pole. 

Poles should be shaved, housed, and gained, also cleaned and . 
ready for painting, before erection. 

Poles should usually be painted, not only for the sake of appear- 
ance, but also in order to preserve them from the weather. It is par- 
ticularly important that they should be protected at their butt end, not 
only where they are surrounded by the ground, but for a foot or two 
above the ground, as it is at this point that poles usually deteriorate 
most rapidly. Painting is not so satisfactory at this point as the use 
of tar, pitch, or creosote. The life of the pole can be increased con- 
siderably by treating it with one or another of these preservatives. 
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Before any poles are erected, they should be closely inspected for 
flaws and for crookedness or too great departure from a strai^t line. 
Where appearance is of considerable importance, octagonal poles 
may be used, although these cost considerably more than round poles. 
Gains or notches for the cross-anns should be cut in the poles before 
they are erected, and should be cut square with the axis of the pole, 
and so that the cross-arms will fit snugly and tightly within the space 
thus provided. These gains should be not less than 4 J inches wide, 




Pig. M. CutrOut Panel with Push-Button Switches. With CJover. 

nor less than ^ inch deep. Gains should not be placed closer than 24 
inches between centers, and the top gains should be at least 9 inches 
from the apex of the pole. 

Pole Guying. Where poles are subject to peculiar strains due 
to unusual stress of the wires, such as at comers, etc., guys should be 
employed to counteract the strain and to prevent the pole from being 
t)ent and finally broken, or from being pulled from its proper position. 
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Where there are a consider- 
able number of wires on the poles, 
or in case of unusually long 
poles, or where the linework is 
subject to severe storms, it is 
frequently necessary to guy the 
poles even on straight linework. 
In such cases, the guys should 
extend from a point near the top 
of the pole to a point near the 
butt of the adjacent pole. 
Straight guying should also be 
employed at the terminal pole, 
the guy extending to a stub 
beyond the last pole, to counter- 
act the strain of the wires pull- 
ing in the opposite direction. On 
particularly heavy lines, it is 
sometimes necessary to use 
straight guys for the second and 
even the third pole from the ter- 
minal pole, to prevent undue 
strain on the terminal pole itself, 
as shown in Fig. G5. 

Where there are three or 
more cross-arms, either two sets 
of guys should be employed, or 
else a "YV form of guy shoukl 
be used. If a single guy is used 
on a long pole or on a pole car- 
rying a number of cross-arms, or 
on which there is unusual strain, 
the pole is apt to break where 
the guy is attached. Figs. 66 and 
67 show respectively a proper and 
an improper method of guying, 
and their effect. 
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At comers, or wherever the direction of the Hnework changes, 
guys should l^e provided to counteract the strain due to the change in 
direction. Guys are also necessary at points where poles are set in 
other than a vertical position. 

Where the soil is not firm or solid, or where poles are subject to 
unusual stress, it is sometimes necessary to obtain additional stiffness 
by what is known as crib-bracing, as may be seen from Fig. 68. This 
consists of placing two short logs at the butt of the pole. These 
logs need not be more than 4 to 5 feet long, or more than 8 to 9 inches 




Fig. M. Proper Method of Guying where there are Three or More Cross- Anna 
A Y-form of Guy is Used at Left; Double Guy at Right. 

in diameter. This crib-bracing is sometimes also necessary to gi^^'e 
greater stability to stubs or short poles to which guys are fastened. 

WTiile, as a rule, it is not advisable to use trees for guy supports, 
it is sometimes necessary to do this, but the trees should be soimd and 
should be protected in a proper manner from inju^J^ On private 
property, pennission should first be obtained from the owner to use 
the tree for such purpose. 

The guy itself should be of standard cable, consisting of 7 strands 
of No. 12 B. & S. Gauge iron or steel wire. This is the standard 
guy cable, and should be used in all cases, except for very light poles 
and light linework, where a smaller cable having a minimum diameter 
of J inch may be used. The guy wires should be fastened at the ends 
by means of suitable clamps. All guy cables and clamps should be 
heavily galvanized, to prevent rusting. 
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Corners. In cases of heavy linework where there are a con- 
siderable number of wires and cross-arms, the turns should be made. 




Fig. (J7. Improper Method of Guying where there are Three or More Cross- Arms. 
Strain is Concentrated at one Point, Causing Rupture of Pole. 

if^possible, by the use of two poles. In cases where there are only a 
few wires, a double cross-arm may l)e employ^, using a single pole. 
The two methods are illustrated in Figs. 00 and 70. 




Fig. 68. Additional Stiffness Secured by Use of Crib-Bracing. 

Cross-Arms. Cross-arms, where possible, should be of long 
leaf yellow pine, or of Oregon or Washington fir, of sound wood, 
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thoroughly seasoned and free from sap, cracks, or large knots. They 
should be not less than 3 J inches thick by 4^ inches deep, the length 
depending upon the number of pins required. 

Cross-arms, after being properly seasoned, should be {painted 
with two coats of lead paint before erection. They should then be 
snugly fitted into the gain of the pole, and securely fastened with 
a bolt not less than f inch in 
diameter driven through a 
hole of slightly less diameter 
previously bored in the pole. 
A galvanized-iron washer 
not less than 2 inches in 
diameter should be placed 
under the head and nut of 




Fig. 09. Two-Poles Vsed in Making Turn 
oa Heavy Line. 



each bolt. The cross- 
arms should be at right 
angles to the pole, and 
should be parallel to one 
another where two or 
more arms are used on 
the same pole. 

The cross-arms 
should be braced with 
galvanize<l-in)n braces approximately 1 \ inches wide, \ inch thick, 
and from 18 to 30 inches in length. The braces should be fastened 
to the cross-arm by means of g-inch galvanized-iron holts passing 
through the brace and the cross-arm, washers being used under the 
nut and head of each bolt. Guys shoukl be provided for the cross- 
arms in case of unusual strain. The dimensions of cross-arms re- 
quired for various numbers of pins, are given verv completely in a 
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paper jead by Mr. Paul Spencer before the Atlantic City Convention 
of the National Electric Light Association in 1906, and reprinted 
in a number of the technical journals. 

Wherever practicable, cross-arms should be placed on the poles 
before the poles are erected, as not only can they be more securely 
fastened when the poles are on the ground, but the cost of erection 
is thereby considerably reduced. 

Pins. Pins should be of selectal locust, not less than 1 J inches 
in diameter at the shank portion, and not less than J inch in diameter 
at the point where 
they rest upon the 
cross-ann. For po- 
tentials of 20,000 
volts or over, the 
pins shoukl be of 
metal, to avoid car- 
bonization of the 
wood due to sUitic 
leakage. The top 
portion of the pin 
(if of wood) should 
be not less than one. 
inch hi diameter. 
The length of lx)th 
the shank and the 
upper portion 
£?hould be each ap- 
pn^ximately 4.J inches, making the total length approximately 
inches. The pin should l)e threaded and tapered, and accurately cut. 
The pin should fit the hole in the cross-arm snugly, and should Ixj 
nailed to the cross-arm with a sixpenny galvanized-iron wire nail 
driven straight through the center of the shank of the pin. 

Insulators. For potentials of 3,000 volts or less, insulators 
should be of flint glass, of double-petticoat, deep-grooved type. For 
potentials of over 3,000 volts, they should be of the triple-petticoat 
type, and preferably of porcelain, and should be of six'cial pattern 
adapted for the potential. 

Service Mains, Pole Wiring, etc. For senice connections — 




Fig. 70. Double Cross- Arm Used on Sin(;rl<^ Pole U> Make Turn 
in Heavy Liine Carrying Only a Few Wires. 
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that IS, for the mains run to service switches in consumers' residences 
or other buildings, conductors of not less than No. 8 B. & S. Grafige 
should be used in order to obtain the necessary tensile strength. 
Where possible, the circuits should be arranged in such a manner as to 
have the service main connect with the line on the lowest cross-arm, 
in order to prevent crossing of wires. The transformers should be 
installed either on poles or in vaults outside of the building, or, where 
this is impracticable, in a fireproof vault or other enclosed space 
inside of the building itself. Small transformers may be fastened to 
a pair of cross-arms secured to the pole itself. For transformers of 
25 K. W. and over, it is usually best to provide special poles. It is 
inadvisable to place transformers on building walls. 

Where appearance is of importance, when the transformer is 
placed underground, or when the wires enter the lower portion of a 
building, the conductors must be run underground. In such cases, a 
splice should be made between the weatherproof conductors and 
rubber-insulated lead-sheathed conductors, at a height of about 15 
to 20 feet above the ground, and the mains run in iron pipe down the 
pole to a point underground, where they may be continued either in 
iron pipe or in vitrified or fiber conduits underground to the point 
of entrance. 

All circuit wiring on poles should be so arranged as to leave one 
side free for the linemen to climb the poles without iitjuring the con- 
ductors. As a rule, all poles on which transformers , lightning arresters, 
or fuse-boxes are located, should be provided with steps. 

In order to limit the area of disturbance of a short circuit or 
overload, fuses should be inserted in each leg of a primaiy circuit 
in making connections to transformers, or where tap or branch con- 
nections are made. The fuses should have a capacity of approxi- 
mately 50 per cent greater than the transformer or conductor which 
they protect. Of course, it would be undesirable to have an excessive 
number of fuses, and for short branch lines they might frequently 
be undesirable; but for important branch lines, tliey should be em- 
ployed in order to preveift the fuse on the main feeder from being 
bloun in case of disturbance on the branch line. 

Lightning arresters should be placed on the linework m places 
particularly exposed to lightning discharges, and at all points where 
connections are made to enter a building. The location and number 
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of lightning arresters will depend upon local conditions, the likelihood 
and frequency of thunderstorms, etc. Where lightning arresters are 
provided, it is essential that a 
good ground connection be obtained. 
The ground connection should be 
made by a fairly good-sized insu- 
lated rubber conductor, not less 
than No. 6 B. & S. Gauge, con- 
necting either with a water pipe 
to which it should be clamped, or 
fastened in such a manner as to 
obtain k good electric contact, or 
else to a ground-plate of copper 
embedded in crushed charcoal or 
coke. 

The neutral wire of a three- 
wire of both secondary alternating- 
current systems and direct-current 
systems, should be properly 
grounded as required by the National Electric Code (see Rules 12, 
13, and 13-A). 

Lamps on Poles. Fig. 71 shows the method of wiring to and 
supporting a lamp located on a pole. 




Fig. 71. 



Method of Wlrinar to and Sup- 
porting Lamp on Pole. 



UNDERGROUND LINEWORK 

In large cities, or in congested districts, or where the appearance 
of overhead linework is objectionable, it is generally necessary to 
place the conductors underground instead of overhead. 

The advantages of underground linework are — first, that of 
appearance; second, it is more permanent and less liable to inter- 
ruption than overhead work. 

The principal disadvantage of underground work is the greater 
first cost. In overhead linework, conductors having weatherproof 
insulators consisting of cotton dipped in a special compound similar 
to pitch, are used, the cost of which is relatively small. For under- 
ground linework, however, the conductors must not only have rubber 
insulation, but also a lead sheathing for mechanical protection. 
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Furthermore, the cost of the ducts, trenching, concrete work, laying 
the ducts, etc.,*is much greater than the cost of poles, cross-arms, etc. 

As in the case of inside wiring, underground linework should 
be so arranged that the conductors may be readily removed and re- 
placed without disturbing the underground conduits or ducts. The 
system should be arranged with manholes^ and in such a manner that 
changes or additions or branches may be readily and conveniently 
made. In order to provide for the removal and replacing of con- 
ductors, and also for growth in^the system, the method formerly in 
vogue, of embedding the conductors in wooden boxes, or in trenches 
underground, has been abandoned; and the conductors are now 
placed in conduits or ducts, A number of different forms of ducts and 
conduits have been introduced, some of which have been dropped as 
cheaper and better forms have l)een introduced. The forms of con- 
duits or ducts now most generally employed include iron fife, vitrified 
conduits, and fibre conduit. As all three of these forms of conduit 
are veiy generally employed, they will now be described, as well as the 
method of installing them. 

Iron Pipe. Three-inch iron conduit is frequently used for under- 
ground linework, particularly for short nms or where there are not 
more than two or three ducts required, or where the soil is bad and 
where the longer lengths ami more stable joints of the iron conduit 
would make it more desirable than vitrified duct or fibre conduit. 
This conduit, however, is generally undesirable on account of its 
greater first cost, and also on account of its liability to deterioration 
from rust or corrosion. Where iron conduit is used, and where it is 
subject to corrosion, it should be coated with asphaltum or other 
similar protective composition. While it is not necessaiy to have a 
concrete bed under iron pipe, it is better to provide such a bed, especi- 
ally where the soil is shifting or not solid. 

Vitrified Tile Conduit. This type of conduit in both the single- 
and multiple-duct form, is used more extensively than any other form 
of conduit for underground work. It is made in lengths of 18 inches 
for the single-duct form, and in considerably greater lengths in the 
multiple-duct form. Fig. 72 shows the single-duct conduit, and 
Fig. 73 shows a multiple-duct form of conduit. 

Vitrified conduit requires less space for the same number of 
ducts than any other form, and is particularly desirable where a great 
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number of ducts are required in a small space. The advantages of 
this fonn of conduit are that it is cheap in first cost; after being 
laid, it is practically indestructible; it is not subject to corrosion or 





Pig. 73. Self-Centeiing Duct, 
Vltritted Conduit. 
Court€$y of Standard VUriJied Conduit Co., 
New York, N, Y, 



Fig. 78. Multiple Duct. Vitrified 
Conduit. 
Courtesy of Standard VUriJied Conduit Co., 
New York, N. Y. 



deterioration; it is not combustible; it is fairly strong mechanically; 
and it does not require skilled labor to install. 

Table XI gives the principal data of one of the well-known 
makes of vitrified conduit* 



TABLE XI 
SUndard Vitrified Conduit 





Dimension 


Dimension 


Outside 


Reo. 


Short 
Lengths 
(Inches) 


Api>rox. 


Style of Conduit 


or Square 
Duct 


or Round 
Duct 


Dimensions 
of End Sec- 


Stock 
Lengths 


Weight 
perDuct 




(Inches) 


(Inches) 


tion (In.) 


(Inches) 
24 


(Foot) 


2-duct multiple. . . 


31 sq. 


3} 


5x 9 


6,9, 12 


8 lbs. 


3-duct multiple. . . 


',i sq. 


3i 


6x13 


24 


6,9, 12 


8 " 


4-duct multiple. . . 


3 «,. 


31 


9x 9 


36 


6,9, 12 


8 " 


6-duct multiple. . . 


3j sq. 


3i 


9x13 


36 


6,9,12 


8 " 


9-duct multiple. . . 


3 sq. 


31 


13x13 


36 


6,9, 12 


8 " 


Common single 














duct 




31 


5x5 


18 


6,9, 12 


8 " 


Single duct, self- 




centering 




31 


5x5 


18 


6,9,12 


10 " 


Round single duct, 














self-centering. . . 




31 


5 in. round 


18 


6,9, 12 


10 " 



In installing vitrified conduit, a trench following as straight 
lines as possible should be dug to such a depth that there will be a 
space of at least 18 inches from the top layer of the duct to the street 
surface. The bottom of the trench should be level; and a bed of 
good cement concrete not less than 3 inches thick should be laid. 
ITie following instructions* for installing vitrified conduit may be 
considered as typical of the best up-to-date practice: 
' «Froin th© Catalogue of the Standard Underground Conduit Company. 
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Laying of Conduit. When the trench has been properly pre- 
pared and the concrete foundation set, the laying of conduit should be 
begun. The endspf the conduit should be butted against the shoulder 
of the conduit terminal brick; short length should be used for the 
breaking of joints. 

Care should be taken, when each length of conduit is laid, that 
the duct hole is perfectly clear and the conduit level. The work may 
then proceed; and if the following instructions are carried out, no 
diflSculty will be encountered after the duct are laid. 

When the first piece of conduit is laid and the keys inserted, 
one on the top and one on the side of the duct, the burlap for joints 
should be slipped partly under the conduit, and the next piece brought 
up and connected. The burlap is then brought up and wrapped 
around the conduit. After this operation is completed, a thin layer 
of cement mortar is plastered around the burlap, extending over the 
edges, so as to cover the scarified portion of the conduit so that it 
may adhere to it, thus making the joint practically water-tight. 

The burlap should l)e first prepared in strips of not less than 6 
inches in width, and of suitable length to wrap around the conduit, 
overlapping about G inches. If possible, the burlap should be satur- 
ated in asphaltum or pitch; but if this is not convenient, it may be 
dipped in water so as to stick to the conduit until the joint has been 
cemented. The engineer or foreman in charge should personally 
oversee the making of the joint, and especially see that the keys are 
inserted, as in many instances they are left out by the workmen, 
causing considerable trouble and expense. SuflScient time should be 
allowed for the joints to harden. 

- After the duct are laid, the sides are filled in with either concrete 
or dirt, as specified, care being taken that the conduit are not forced 
out of alignment by the careless fiUing-in of the sides. The top layer 
of concrete may then be laid and leveled. 

After this the trench is ready for filling in. 

In the laying of our self-centering single-duct conduit, no dowel- 
pins are used, the ducts being self-centering — one piece of conduit 
socketing into the other. Burlaping and cementing of joint is not 
necessary. Otherwise the instructions for the laying of multiple- 
duct should be followed. The use of a mandrel in laying self- 
centering conduit is superfluous. 
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As each section of the system — that is, from manhole to man- 
hole — is completed, it should be rodded to insure the duct being clear. 
For this purpose wooden rods are employed, the rods being from 
3 to 4 feet long by one inch in diameter and provided with brass 
couplings on the ends. The first rod is pushed into the duct chamber, 
the second one is then attached, and then the third and so on, until the 
first rod appears m the manhole at the opposite end. 

A wooden mandrel about 10 inches long, made to conform to 
the shape of the duct, but about } inch smaller in diameter, is attached 
to the last rod, and a galvanized -iron wire is then attached to the other 
end of the mandrel. The rods are drawn through the duct and 
uncoupled, until the mandrel has passed through the ducts. The 
wire is left remaining in the chamber, and secured in the manhole to 
prevent its being pulled out. The same operation is repeated until 
all the ducts are tested and wired. Should obstructions be met with 
and the mandrel bind, the location of the obstructions can readily be 
ascertained from the length of rod yet remaining in the duct, and can 
easily be removed. This method is far better than pulling the 
mandrel through as the ducts are laid, as in many cases the duct is 
obstructed or thrown out of alignment by the fiUing-in of the 'con- 
crete or trench, and this would not be noticed until an attempt was 
made to draw the cable. The wire left in the duct is used in drawing 
the cables. 

Fibre Conduit. This type of conduit consists of wood fibre 
formed into a tube over a mandrel under pressure. After the tube 




Fig. 71. Socket-Joint Fibre Conduit. 

is formed on the mandrel, it is removed, and, after being dried in 
air, is placed in a tank of preservative and insulating compound. 

Fibre conduits are made in three different styles — namely, the 
socket'joiniy sleeve-joint, and screw-joint types, shown respectively in 
Figs. 74, 75, and 76. The forms of conduit here shown are made by 
the Fibre Conduit Company, of Orangeburg, New York. 

In the socket-joint type, the connections between the lengths 
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of conduit are made by means of male and female joints turned on 
the ends of the conduit so that it is necessary only to push one length 
within the other to secure alignment without the use of a sleeve- 
coupling or other device. While this is the cheapest and simplest 




Fig. 75. Sleeye-Jolnt Fibre Ck>ndult. 



form of fibre conduit, the joint is not so secure as in either of the other 
two types. 

The sleeve-joint fibre conduit has the ends of each joint turned 
so that a sleeve may be slipped over the turned portion and butted up 
against the shoulder on the tubes. These sleeves are about 4 inches 
long and f inch thick. Wliile this form of joint is more secure than 
the socket type, it is not so secure as the screw-joint type. 

The screw-joint type of fibre conduit is manufactured with a 
slightly thicker wall than the socket-joint type, in order to obtain the 
necessary thickness for getting the thread on the end of the pipe. The 
sleeve in this case is threaded; and, instead of being slipped on the 
conduit, as in the case of the sleeve-joint type, it is screwed on, and 
the thread may be filled with compound and a water-tight joint thereby 
obtained. Various special forms of elbows, bends, junction-boxes, 
tees, etc., are provided for this conduit, for special connections. 
Couplings are also made so that joints can be made between fibre 
conduit and iron pipe, where it is desirable to make such a connection. 

The advantages of fibre conduit are — first, that it is lighter than 
any "of the other forms of conduit, which reduces the cost of trans^- 




Flg. 78. Screw-Joint Fibre Conduit. 



porta tion, carting, and handling; and second, that the cost of labor 
for installing it is less than in the case of iron pipe, and less than that 
of the single-duct tile pipe. Table XII enves the principal data 
relating to fibre conduit. 
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TABLE XII 

Fibre Conduit 



Inside 

DiAMKTER 

(Inches) 


Ttpb of Conduit 


Lbnotr 
(Feet) 


Thickness or 

Wall (Inches) 


Apfbox. 
Weight per 
Foot (lbs.) 


1 


vSocket-joint 


2-J 




0.50 


li 


it tt 


5 


^ 


0.70 


2 


tt tt 


5 


J 


0.85 


•2} 


tt ft 


5 


} 


1.02 


3 


tt tt 


5 


1 


1.20 


3} 


ft tt 


5 




1.40 


4 


tt tt 


5 


J 


1.60 


H . 


Sleeve-joint 


5 


\ 


0.80 


2 


it tt 


6 


0.05 


2i 


tt tt 


5 


\ 


1.15 


3 


tt tt 


5 


19 


2.40 


3} 


tt ft 


6 


^, 


2.90 


4 


tt tt 


6 


i 


3.33 


li 


Screw-joint 


5 


A 


1.00 


2 


It tt 


5 


jl 


1.45 


2i 


ti tt 


5 


i 


1.75 


3 


tt tt 


5 


A 


2.40 


3i 


tt ti 


5 


iV 


2.90 


4 


tt tt 


5 


i 


3.33 



Fig. 77 shows the method of laying fibre conduit in a trench. 

A concrete bed should be provided for all three types of fibre 
conduit. Where the ground is moist or where there is likelihood of 
water getting in the joints, it is advisable to make a complete envelope 
around the conduit. 

The joints should be carefully dipped in or coated with a special 
liquid compound provided for this purpose, so as to insure water- 
tightness. The cables should be spaced about Ij inches apart, by 
means of wooden separators; and the spaces between the ducts, and 
between the walls of the trench and the outer ducts, should be filled 
with a thin grouting of cement and sand. If more than one horizontal 
row of ducts are installed, the grouting of each n)w should he smoothed 
over so as to prepare a base for the next row of ducts. 

To fish the conductors in fibre conduit, it is not necessary to fol- 
low the method of rodding usually re(iuired with vitrifietl conduits; 
but it is found that by utilizing a solid No. 6 iron wire, and fishing 
from one manhole to the next, the mandrels and brush can be attached 
to the end of the wire and pulled through tlie conduits, thus insuring 
that the joints are smooth and that there are no obstructions in the 
conduit. To prevent accidental clogging of the ends of the con- 
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duit, wooden plugs should be installed in the openings of all un- 
finished conduit work, or in all unoccupied cable ducts at manholes. 
Drawing In the Cables. After the conduits have been tested by 
means of the mandrel to ascertain that they are continuous and that 
the joints are smooth, the work of installing the cables may be started. 
Special precaution should be taken to prevent sharp bending of the 
cables, and thus to prevent injurj^ to the lead sheathing of the rubber 

insulation. If the 
cable is light and 
of small diam- 
eter, the distance 
notover 300 feet, 
and the run fairly 
straight, the ca- 
ble can usually 
be pulled in by 
hand; but often 
other means 
must be provided 
so as to secure 
sufficient power. 
Precau tions 
should be taken, 
however, to 
avoid placing too 
great a strain on 
the cables, as it 
IS liable to in- 
jure them, and 
the injuries may 

not show up immediately, but may cause trouble later. The remedy 
is to avoid placing the manholes too far apart, and to have the runs as 
straight as possible; also to properly test the conduits for continuity 
and smoothness before starting to install the cables. Enough slack 
should be left in each manhole to allow the cables to pass close to 
the side walls of the manhole, and to have the centers free and acces- 
sible for a man to enter the manhole. Where there are a great 
number of cables in a manhole, shelves or other supports should be 




Fig. 77. Method of Laying Fibre Conduit in Trench. 
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provided for holding the cables apart and in position. Where two 
or more conductors are placed in the same duct, they should always 
be pulled in at the same time, for otherwise the cables last pulled in 
are apt to injure those already installed. 

Manholes. Manholes should he provided about every 300 feet, 
in order to facilitate 
the installation of the 
conductors in the duct. 
The exact distance be- 
tween manholes 
should be determined 
by conditions; in some 
cases they should be 
placed even closer to- 
gether than the figure 
^ven, while in other 
cases their distance 
apart migh t be 
slightly greater. 

Manholes are 
built of concrete or 
brick, and provided 
with a cast-iron frame 
or cover. The man- 
. holes may be of 
square, round, rect- 
angular, or oval sec- 
tion, the last-men- 
tioned form of man- 
hole being probably the best, as it avoids the liability to sharp bends 
or kinks being made in the cable. The manhole cover may be of 
the same form as the manhole itself, or it may be of different form; but 
round or square covers are usually used. Fig. 78 shows a standard 
form of manhole used in New York City. This manhole is substan- 
tially built, and adapted for heavy traffic passing over the cover. For 
suburban or country work, manholes may be made of lighter con- 
struction. 




g>;^j.^ak!M;-cM;^j-^k^;^:^^a 



Fig. 78. Plan and Sectional Elevation of Standard Form 
of Manhole Used in New York City. 



377 



Digitized by 



Google 



Digitized by 



Google 



REVIEW QUESTIONS. 



PRACTICAL TEST QUESTIONS. 

In the foregoing sections of this Cyclopedia nu- 
merous illustrative examples are worked out in 
detail in order to show the application of the 
▼arious methods and principles. Accompanying 
these are examples for practice which will aid the 
reader in fixing the principles in mind. 

In the following pages are given a large num- 
ber of test questions and problems which afford a 
valuable means of testing the reader*s knowledge 
of the subjects treated. They will be found excel- 
lent practice for those preparing for Civil Service 
Examinations. In some cases numerical answers 
are given as a further aid in this work. 
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1. What advantage does indirect steam heating have over 
direct heating? What advantages over furnace heating? 

2. What are the causes of heat loss from a building? 

3. Why is hot water especially adapted to the warming of 
dwellings? 

4. What proportion of carbonic acid gas is found in outdoor air 
under ordinary conditions? 

5. A room in the N. E. comer of a building of fairly good con- 
struction is 18 feet square and 10 feet high ; there are 5 single windows, 
each 3 by 10 feet in size. The walls are of brick 12 inches in thickness. 
W^ith an inside temperature of 70 degrees, what will be the heat loss 
per hour in zero weather? 

6. State four important points to be noted in the care of a fur- 
nace. 

7. A grammar school building, constructed in the most thor- 
ough manner, has 4 rooms, one in each corner, each being 30 ft. by 
30 ft. and 14 ft. high, and seating 50 pupils. The walls are of wooden 
construction, and the windows make up J of the total exposed surface. 
The basement and attic are warm. How many pounds of coal will be 
required per hour for both heating and ventilation in zero weather, if 
8,000 B. T. U. are utilized from each pound of coal? 

8. What two distinct types of furnaces are used? What are 
the distinguishing features? 

9. What is meant by the efficiency of a furnace? What effi- 
ciencies are obtained in onlinary practice? 
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PART II. 



1. How would you obtain the sizes of the cold-air and warm- 
air pipes connecting with indirect heaters in dwelling-house work? 

2. What is an aspirating coil,*and what is its use? 

3. What efficiencies may be allowed for indirect heaters in 
schoolhouse work? How would you compute the size of an indirect 
heater for a room in a dwelling-house? 

4. How is the size of a direct-indirect radiator computed? 

5. A schoolroom on the third floor is to be supplied with 2,400 
cubic feet of air per minute, ^^^^at should be the area of the warm- 
air supply flue? 

0. What is the chief objection to a mixing damper, and how 
may this be overcome? 

7. How many square feet of indirect radiation will be required 
to warm and ventilate a schoolroom when it is 10 degrees below zero, 
if the heat loss through walls and windows is 42,000 B. T. U., and the 
air-supply 120,000 cubic feet per hour? 

S. What is the difference in construction oetween a steam 
radiator and one designed for hot water? Can the steam radiator 
\)Q used for hot water? State reasons for answer. 

0. How may the piping in a hot-water system be arranged so 
that no air-valves will be recjuired on the radiators? 

10. What efficiency is commonly obtained from a direct hot- 
water radiator? How^ is this computed? 

11. How should the pipes be graded in making the connections 
with indirect hot-water heaters? Where should the air-valve be 
placed? 
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1. A main heater contains 1,040 square feet of heating surface 
made up of wrought-iron pipe, and is used in connection with a fan 
which deUvers 528,000 cubic feet of air per hour. The heater is 20 
pipes deep, and has a free area, between the pipes, of 11 square feet. 
If air is taken at zero, to what temperature will it be raised with steam 
at 5 pounds' pressure. 

2. An 8-foot fan used for schoolhouse ventilation nms at a 
speed of 124 r. p. m. What horse-power of engine is recjuired ? What 
horse-power would be required if the fan were speeded up to 134 . 6 
r. p. m.? 

3. What precaution must be taken in connecting the radiators 
in tall buildings? 

4. Give the size of heater from Table XXXI which will be 
required to raise 672,000 cubic feet of air per hour, from 10° below 
zero to 95°, with a steam pressure of 20 pounds. If the air-quantity 
is raised to 840,000 cubic feet per hour through the same heater, what 
will be the resulting temperature with all other conditions the same? 

5. A fan running at 150 revolutions produces a pressure of ^ 
ounce. If tJie speed is increased to 210 revolutions, what will be the 
resulting pressure? 

6. A certain fan is delivering 1 2,000 cubic feet of air per minute, 
at a speed of 200 revolutions. It is desired to increase the amount to 
18,000 cubic feet. What will be the recjuired speed? If the original 
power required to run the fan was 4 H. P., what will be the final power 
due tc the increased speed? 

7. What size fan will be required to supply a schoolhouse 
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having 300 pupils, if each is to be provided with 3,000 cubic feet of 
air per hour? What speed of fan will be required, and what H. P. of 
engine? 

8. What advantages has the plenum method of ventilation over 
the exhaust method? 

9. A church is to be warmed and ventilated by means of a fan 
and heater. The air-supply is to be 300,000 cubic feet per hour. 
The heat loss through walls and windows is 200,000 B. T. U., when it 
is zero. How many square feet of heating surface will be required, 
and how many rows of pipe deep must the heater be, with steam at 5 
pounds' pressure? 

10. A schoolhouse requiring 600,000 cubic feet of air per hour 
is to be supplied with a cast-iron sectional heater of the pin type. How 
many square feet of radiating surface will be required to raise the air 
from 10° below zero to 70° above, with a steam pressure of 10 pounds? 

11. WTiat velocities of air-flow in the main duct and branches 
are commonly used in connection with a fan system? 

12. A main heater is to be designed for use in connection with 
a fan. How many square feet of radiation will be required to warm 
1,000,000 cubic feet of air per hour, from a temperature of 10° below 
zero to 70° above, with a steam pressure of 5 pounds and a velocity 
of 800 feet per minute between the pipes of the heater? How many 
rows of pipe deep must the heater be? 

13. State in a brief manner the essential parts of a system of 
automatic temperature control. 

14. What advantage does an indirect steam-heating system have 
over furnace heating in schoolhouse work? 

15. The air in a restaurant kitchen is to be changed every 10 
minutes by means of a disc fan. The room is 60 by 30 by 10 feet. 
Give size and speed of fan, and H. P. of motor. 

16. What forms of heating are best adapted to the warming of 
apartment houses? 

17. Give an approximate method for finding the heating surface 
required for greenhouses, both for steam and hot water. 

18. How does the cost of electric heating compare with that by 
steam and hot water? 

19. Describe briefly the construction of an electric heater, and 
the principle upon which it works. 
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1. What points should be borne in mind when selecting a 
heating boiler for a given service ? 

2. Explain by an example how to check the catalogue rating 
of a boiler. 

3. Point out the difference between (a) direct, (b) direct- 
indirect, and (c) indirect radiation. 

4. State the advantages of each type. 

5. What advantages do overhead coils possess over other 
classes of direct radiation}* 

6. (a) With overhead coil heating, how should the coils be 
placed with reference to walls and floor to secure the best results } 
(b) Why? 

7. In what two ways is heat given off by a radiator t 

8. What advantages has a wet return system over one with 
dry returns ? 

9. (a) In what classes of buildings, as a rule, may the over- 
head feed system be used and why? (b) What advantages are 
possessed over the up-feed system ? 

10. When should a two-pipe system be used in preference 
to a one-pipe? 

11. Explain the action of a siphon trap in balancing a low 
pressure steam heating system. 

12. When is it advisable to establish an artificial water line? 

13. Explain in detail how to compute the radiating surface 
for low pressure steam in a corner room 18 ft. square, 10 ft. high, 
the exposed wall to be 16 in. thick, exposed toward the north and 
west, and having glass surface equal to one-fourth the total exposed 
surface of wall and glass combined. 



885 . . Digitized by Google 



REVIEW QUESTIONS 



017 Tax: SUBJECT OK" 



ELECTRIC WIRIXG 



1. Explain the three-wire system of wiring. 

2. In case a test shows excessive leakage, or a ground or short 
circuit, how would you locate the trouble and remedy it? 

3. Describe the construction and use of outlet-boxes. 

4. What is the principal difference between alternating and 
direct-current circuits, so far as concerns the wiring system? 

5. Compare the advantages of the two-wire and three-wire 
systems of wiring. 

6. Under what general heads are approved methods of wiring 
classified? 

7. A single-phase induction motor is to be supplied with 25 
amperes at 220 volts; alternations 12,000 per minute; power factor. 8. 
The transformer is 200 feet from the motor, the line consisting of 
No. 4 wire, 9 inches between centers of conductors. The trans- 
former reduces in the ratio 2,500 , has a capacity of 30 amperes at 220 

250 
volts, and, when delivering this current and voltage, has a resistance-E. 
M. F. of 2.5 per cent, and a reactance E. M. F. of 5 per cent. Cal- 
culate the drop. (Use table and chart.) 

8. What are the distinctive features of the different kinds of 
metal conduit? 

9. Suppose power to be delivered, 300 K. W.; E. M. F. to be 
delivered, 2,200 volts; distance of transmission, 15,000 feet; size of 
wire, No. 00; distance between «vires, 24 inches; power factor of load, 
.7; frequency, 100 cycles per second. Calculate line loss and drop 
in per cent of E. M. F. delivered. (Use table and chart.) 

10. In installing A. C. circuits, what requirements are insisted 
on as to the placing of conductors in conduits? 
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circuit mains, sizes of 


240 


for soft coal 


2l'S 


conductors, size of. in fibrous conduits 306 


tubular 


46 


conduit, single wire in 


292 


Steam heating 




conduit, two wires in one 


293 


mercury seal vacuum systems 


262 


conduit, three wires in one 


293 


pipe for 


263 


direct radiating surfacelsupplied by 


thermograde system 


261 


mains of different sizes and 


vapor system 


261 


lengths of run 


121 
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14 
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12 


electric heating 
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character of load 345 
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